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Abstract 
Project success has always been a topical discussion within organizations. Though the 
success measures are varied, there is consensus on what constitutes a successful project. 
The litmus test lies in executing projects whose outcome meets and satisfies the triple 
constraints and the multi-dimensional success criteria. 
The research study proposes the development of a framework for project execution that is 
designed at delivering projects successfully within the gas industry in South Africa. It focuses 
on the execution phase as the epicentre of the project activities which influences and 
contributes to the project outcome. The framework elements are iteratively built using a 
“systems engineering” approach of Analyse, Design, Develop and Deploy. Furthermore, 
quality refinements are implemented at each stage of execution to advance quality checks 
and help make project decisions.  
 Existing project frameworks are explored through literature reviews and analysed to draw 
synergies. Though most of the frameworks take a cradle to grave approach to the project life 
cycle, the framework for execution focuses on the execution phase of the project life cycle. It 
describes the elements and attributes of the framework and concludes by testing the 
framework in two case studies applications. 
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Chapter 1 Introduction 
1.1 Introduction and background 
Notwithstanding the advancement of project management methodologies over the last fifty years, 
there has not been a remarkable improvement in projects completed “on time, on budget and with 
all the features originally specified”. According to the Standish Group report (Eveleens, 2010), the 
project success rate has been dire with “16 percent project success rate, 53 percent of projects had 
challenges and 31 percent of projects failed outright”. It is further reported in subsequent Standish 
Chaos reports that the statistics never improved significantly.  Reasons abound, Serrador and Pinto 
(Serrador, 2015) argued that “the failure rates have remained high and relatively stable across over a 
decade of research” despite the criticality of the project. Evidently, the failure to complete projects 
successfully has resulted in organizations failing to create value from the investment opportunities 
and lose revenue which constrained companies from competing effectively. Consistently, the failures 
occur during the execution phase of the project life cycle due to the lack of thorough planning or 
simply “plunging” into execution. 
Furthermore, the inadequacy to manage the various expectations of the project has also contributed 
to further project failures. In addition, the rise of project houses has seen the centralizing of the 
conceptualization and design of projects leaving the receiving companies or even countries for 
executing and implementing the projects. This has further contributed to project failures, as the skills 
and experience required to execute complicated plants is lacking in these countries, of which the gas 
manufacturing industry is no exception to the phenomena. The utilization of expert resources adds to 
the overall project cost. 
Circumventing these challenges calls for a new paradigm shift which focuses on the exploration and 
development of a framework designed to enhance execution and increase the probability of 
completing projects on target in the gas manufacturing industry. Hence, this study extends to 
examining how to improve project execution and complete projects successfully within the gas 
manufacturing industry. The resulting framework will facilitate and guide the project execution 
processes into the successful completion of the project activities. Also, the framework will facilitate 
the transfer of knowledge as articulated by de Wet (de Wet, 1999).  
The study builds on work done by Spowage  (Spowage, 2012), (Kennedy, 2012) and is premised on 
four key project dimensions of completing projects on “target” by focusing on the project execution 
phase. In the framework, the ‘target measures are a set of measures of performance to indicate 
effectiveness and successfulness of the project performance”. It further expands on the project 
deliverables highlighted by Zidane, (Zidane, 2016) and Langston (Langston, 2013a) who identified six 
project indicators to evaluate the successful completion of a project. To this end, Atkinson (Atkinson, 
1999a) extended the success criteria to the route square model and this view finds resonance in 
projects concluded in the gas manufacturing environment. By extension, the execution framework will 
deliver projects successfully on schedule, within budget, covering the full scope and quality 
specifications. 
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1.2 Problem statement 
Projects are endeavors aimed at completing tasks or activities within the constraints of predefined 
cost, schedule and performance. The clinical objective is to complete the project on time, within 
budget cost and to meet the scope performance. However, if projects are poorly executed, this leads 
to the non-realization of the project objectives and costing organizations financially and losing 
reputation. 
The project execution phase stands out as the main transformative enabler of the project activities 
and ensures that the activities are completed successfully with no extension on the planned schedule, 
cost and project performance. Increasingly though, the lack of a fit for purpose framework for project 
execution contributes to projects not being completed as per project objectives.  
According to Cooke-Davies (Cooke-Davies, 2002), the traditional dimensions of project efficiency 
namely time, cost and scope are used to evaluate project success. However, analytical tools like the 
Pentagon model (Rolstadås, 2014a) enhances the quality of the assessment of the performance of the 
project success.  Hence, a substantive framework for project execution is required to guide and 
contribute to the completion of projects on target. More so, the framework will ensure that: 
1. The projects are completed using standard and consistent ways. 
2. The project execution is done timeously, efficiently and with a value-add objective. 
3. The project implementation is carried out using best practices. 
4. The best management structures are used. 
As highlighted by Stoshikj (Stoshikj, 2014), the framework presents an efficient way to coordinate the 
project tasks and deliver the project successfully.   
1.3 The research aim 
The research is aimed at developing a framework for project execution that enhances and improves 
the completion of projects successfully. Furthermore, the aim seeks to ensure that the project 
deliverables are completed timeously within the budgetary constraints and meeting the performance 
and quality specifications. It is anchored on developing a framework that is structured, integrated and 
standardized to wide project environments with a system engineering approach. It is also envisioned 
that the framework for project execution will improve the way projects are executed in the future.  
In addition, the aim is to establish the framework as a tool to guide the execution process and increase 
the project schedules. The framework will enable projects to be completed quicker due to the use of 
proven templates. To realize this goal, the project management methodologies (Project Management 
Institute, 2013) and system engineering approaches are examined as the best practice benchmarks in 
the areas of project execution and control. 
 Furthermore, the aim is to infuse quality management in the framework to ensure that the tasks 
performed adhere to the best set quality standards across all the activities and in the process leading 
to the successful project deliverables. 
1.4 Research objectives 
The study’s objective is the realization of the framework for project execution through the assimilation 
of the project success factors into a framework that is applied to the execution phase of a project 
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environment and help produce the key deliverables as illustrated in Figure 1. Accordingly, the scope 
of the study is to present the elements of the framework for execution as tools providing guidance on 
execution of the processes, methods and control tools to be used to ensure the projects are 
successfully and consistently completed. In addition, the framework is designed in such a way that it 
delivers the project efficiently with enhanced quality characteristics meeting the cost, schedule and 
performance specifications. 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
Figure 1: Iron Triangle adapted (Langston, 2013a) 
Autonomously, the premise of this framework is to confirm and draw synergy with other broader 
project management frameworks and standards, hence, leveraging the PMI (Project Management 
Institute, 2013) and APM (Association for Project Management, 2006) is at the core of this study and 
will be conducted diligently. As the PMBOK states;  
“The purpose of the project control process is to direct the project execution plan and ensure that the 
project performs according to plans and schedules, within projected budgets and is satisfying maturity 
objectives for technical requirements. This process includes redirecting the project activities, as 
appropriate, to correct identified deviations and variations from other project management or 
technical processes”  (Project Management Institute, 2013). 
Similarly, the study advocates a paradigm shift from the traditional time-cost-scope performance 
evaluation of project success to Langston’s project delivery success equation (1) (Langston, 2013a). In 
Equation (3), the crux is to maximize the scope and minimize the variables of cost, time and risk 
(Langston, 2013b) in order to deliver the project successfully.  
project delivery success         !"#!
$!%#   %#
   (1)                                 
                                                                         !  $!&#  !  '&(  )%  !
$!&#  )%  )%  $!&#  '&( '&(
                                 (2) 
Quality 
Time 
Scope Cost 
Efficiency 
Speed 
Value 
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Thus, the equations above together with Figure 1 validates the roles of project management and 
system engineering (Forsberg, 2005)  in the way projects are managed and executed respectively. To 
this end, the framework proposes that the project execution be implemented using the system 
engineering approach with project management being confined to the supervisory role.  
Consequently, the research objective will answer the following questions:  
Question (Q1): 
How does the framework for project execution impact on the likelihood of project success? 
This investigation will answer the research question through a survey questionnaire from which 
correlations, and conclusions will be drawn. 
"All progress is born of inquiry. Doubt is often better than overconfidence, for it leads to inquiry, and 
inquiry leads to the invention" 
- Hudson Maxim 
True to Albert's (Albert, 2017) argument that the definition of project success is topical, and that 
success measure is multi-dimensional, this leads to the sub-research questions; 
 Question (Q2): 
Does the framework for project execution impact the triple constraints success factors? 
The study by way of deduction intends to demonstrate that the packaged framework contributes to 
the quick implementation and accurate scope performance due to the use of standardized templates. 
Standardized templates help reduce the planning time and provide ground for further improvement. 
Question (Q3): 
To what extent does the framework for project execution enhance the quality of the project? 
This question interrogates the quality checks and balances embedded in the framework to ensure that 
quality is not only checked at the end of the project. Quality is continuously checked throughout the 
project activities. The framework processes are authenticated through verification and validation gate 
systems to ensure the tasks meet the intended function. 
1.5 Research Methodology 
The research methodology is based on literature reviews and documentation, such as books, articles, 
proceedings papers from accessed databases like Emerald, Scopus, Science Direct, Elsevier and Google 
Scholar. The gaps in the literature will be examined. Noteworthy in the literature study are the works 
by Langston (Langston, 2013b),  Ngacho (Ngacho, 2014), Dvir (Dvir, 2003a), Pinto (Pinto, 2016) and 
Milosevic (Milosevic, 2005) which this author explored and leveraged to develop the framework for 
project execution.  
The formulation of the framework will follow a synopsis of: 
1. Success factor determination to provide a baseline of the factors to be used to evaluate 
the success of the project. 
2. Existing execution frameworks within the project space and this will provide a baseline for 
the optimization required to adopt the success factors as outlined in Figure 1. 
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3. Merging of principles and concepts to develop the framework for execution. 
In addition, the PMI (Project Management Institute, 2013), APM (Association for Project Management, 
2006), Prince 2, agile and other methodologies will be examined to align the standards with the best 
practices. However, the PMBOK offers a clear distinction of the execution process groups and the 
process tasks to be performed in the project plan to meet the project requirements. 
“A scientist builds to learn, but an engineer learns to build” 
- Fred Brooks 
In recognition of the need to structure the study topic, mind mapping software is used to decompose 
the research tasks. It offers good visualization of the project and its associated subtasks. The subtasks 
are further broken down into smaller and manageable activities which mirror the work and cost 
breakdown structures to provide the following benefits: 
1. Assignment of chapter responsibilities.  
2. Task level definition and prioritization. 
3. Milestone checkpoints identification 
4. Interface boundaries 
The logic for the framework is represented in Figure 2, It depicts processes and methods combined 
with the success factors being marshalled to the framework. They are monitored and controlled for 
fitness for purpose. 
Performance success 
factors
Processes and methods
Monitoring and control 
tools
Framework for project 
execution
 
Figure 2: The logic for the framework 
 
Figure 3 gives an outline of the research methodology. 
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3.3.Develop 3.3.1 Develop execution templates
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Figure 3: Research Methodology
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Based on the above mentioned, the report is structured as follows: 
• Chapter 1 introduces the research statement by identifying the problem and its subsequent sub-
problems. The concept of delivering on target is expounded and the broader objectives are 
identified through some questions and subsequently, an outline to solve the problem is 
presented. 
• Chapter 2 explores the current trends in the areas of project execution through an in-depth 
examination of the database articles. It establishes the technology trajectory in terms of where 
the project execution is heading to. The literature shows the evolution of project success moving 
to the multi-dimensional assessment compared to the financial assessment only. 
• Chapter 3 examines the theories from the viewpoints of the PMBOK and other project 
management methodologies. The backdrop to the theory of project management review is the 
belief that there is no explicit theory of project management. Leveraging the advances in systems 
engineering brings some sanity on the project execution in general.  
• Chapter 4 presents the framework for project execution. It subjects the framework to the theory 
of constraints (TOC) to iteratively improve the activities of the framework. 
• Chapter 5 presents the research survey. The design of the questionnaire is heavily influenced by 
the candidate’s work situation.  
• Chapter 6 gives conclusions and recommendations. It summarises the research work and insights 
into possible future work around the project execution framework.  
1.6 Assumptions 
Since the framework is undertaken within the gas manufacturing industry, the environment may not 
represent the depth required to dynamically adapt the project execution tasks for implementation in 
other industries. The assumption is that the execution framework is a ‘silver bullet’ that would work 
under most circumstances to deliver the same results irrespective of industry. However, the 
repeatability of the framework needs to be demonstrated in other industries where the project 
conditions are not the same. 
Likewise, the corollary of project performance is dependent on task configuration whether 
independent or sequential. However, in a project environment, unpredictability is the constant factor, 
and this affects the task relationships. Ideally, sequential relationships are better managed which 
increases the success rate, and the results are predictable.  
 Conversely, the execution phase is dependent on prior activities of the project life cycle phases. 
Hence, the planning processes upstream of the execution phase need to be accurate and thorough to 
deliver successfully the execution phase. It is assumed that earlier project planning has been 
conducted diligently and will not result in project cost and schedule overruns.  
1.7 Research limitations 
This research is limited to the development of a project execution framework within the context of 
the execution and control phases of the project life-cycle in the gas manufacturing industry. As Kerzner 
(Kerzner, 2017) defines project execution; “as processes required to complete the work defined in the 
project plan and involves the coordination of people and resources” the research is confined to this 
definition. It is also restricted to the system engineering (Blanchard, 2014) definition of the execution 
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phase activities as consisting of requirement analysis, functional analysis, and allocation, synthesis and 
systems analysis. Hence, the study boundary is the project planning phase which feeds into the 
execution phase and the project closing phase depicted below in Figure 4. 
 
Validate and Verify
Analyse Design Develop Deploy
 
 
Figure 4: Project execution stages 
Accordingly, as indicated in Figure 4, the study is focused on the execution stages as customized from 
system engineering and the PMI (Project Management Institute, 2013). It permeates an iterative and 
incremental agile developmental approach where the stage activities are continuously refined.  
1.8 Research delimitations 
Since the study is industry specific, confirming the validity of the ‘one size fits all’ approach to its 
implementation to other industries is beyond the scope of the research. As it is onerous and costly to 
design and validate a framework for all industries, it is deemed to fall outside the scope of this study. 
 The design for the software application for the framework is also beyond this study due to lack of in-
depth knowledge and capacity in the subject matter. It is assumed future researchers will explore and 
develop a software package for the framework. 
1.9 Significance of the research 
The execution framework is aimed at contributing and improving the delivery of projects on targets in 
the broader project management environment. It is envisaged that the building elements for the 
framework will through the proposed framework address the current shortcomings preventing the 
successful delivery of projects. It, therefore, helps to ensure the scope is successfully achieved, 
resources are efficiently managed, and quality is entrenched in the processes thereby ensuring the 
stakeholder expectations are met. 
1.10 Chapter conclusion 
This chapter classifies projects completed but not meeting the criteria of "on time, within budget, 
scope and quality performance criteria" as failed projects. It identifies the success of critical factors as 
the mandatory tasks for implementing projects successfully and proposes to formulate an execution 
framework based on the success of critical factors. 
 
 In the course of defining the solution, an exploration of the work done by Langston and Spowage 
(Langston, 2013b), (Milosevic, 2005), (Spowage, 2012) was leveraged to formulate a project execution 
framework. In addition, the dimensions of the framework pillars have been determined and are largely 
influenced by the success of critical factors.  
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Subsequently, the succeeding chapter will explore the literature on project execution in the pursuit of 
the framework success factors. 
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Chapter 2 Literature study 
 2.1 Introduction 
The literature review explores notable works in the project execution phase by analyzing the diverse 
approaches on how to successfully execute and implement a project. Arguably, many authors (Joslin, 
2016), (Pinto, 1988), (de Carvalho, 2015), (Iyer, 2016) agree that project success is a multi-dimensional 
construct and credits project success to the best project methodology practices as encapsulated in the 
PMBOK, PRINCE 2 and Agile. The moot point is, does the project methodology or framework lead to a 
successful project? 
Further examination of the literature (ul Musawir, 2017) indicates that a well-defined project 
methodology improves project success. The methodology provides instruments to plan the activities, 
manage the roles and execute the tasks. In addition, the literature review examines the commonly 
accepted definition of project success, the critical success factors and overarching influence of the 
project management methodologies. 
Since project success is increasingly being defined from a value creation point than the conventional 
triple constraints criteria, Monteiro de Carvalho (de Carvalho, 2015) proposes the extension of the 
dimensions of success to include “project efficiency, impact on the customer, impact on the team, 
business and direct success, and preparation for the future”. It is then critical for the framework to 
embody pillars that shape these outcomes to the realization of the value creation in the executed 
project. 
Likewise, the role and impact of the PMBOK and other standards are scrutinized considering their 
contribution to the success of projects completed on time, within budget and to the satisfaction of 
the scope. To this end, agile project practices are benchmarked to provide adaptive planning, 
continuous improvement and flexible responses to changes. 
Dvir (Dvir, 2003a) suggests that there is no standard approach to project success due to the 
uniqueness of each project endeavour. Hence, the performance measures are varied, and the 
adoption of the framework could streamline the way the project success evaluation is done and create 
value for the project leading to client satisfaction.  
2.2 Literature review 
The literature shows two distinct views on the measures used to evaluate the project success (Mir, 
2014)  i,e.; a uni-dimensional construct which focuses on the traditional economics aspects of meeting 
the triple constraints and the multi-dimensional approach that emphasizes more attributes to 
evaluate the project success. This represents a shift from the traditional assessment of project success 
based on meeting time, budget and quality goals, commonly known as the triple constraints to the 
more multi-dimensional as articulated by Atkinson (Atkinson, 1999a). However, researchers still 
consider the use of the triple constraints measures as good practice though it has limitations of not 
covering the impact of the success measure on the business overall. Serrandor and Turner (Serrador, 
2015) terms the triple constraint measures “the project efficiency and is not the ideal measure of 
project success”.   
Wasson and Friedenthal (Wasson, 2015), (Friedenthal, 2014) found that project success is a combined 
consideration of the business and technical needs of all the stakeholders to the achievement of the 
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technical performance specification. This view expresses project implementation as the attainment of 
the project scope in the dimensions of time, cost and quality. This approach emphasizes quality as a 
project success element embedded in the functionality and performance specification.   
In defining the project success, some authors (Kerzner, 2017), (Meredith, 2012) (Nicholas, 2012) 
highlight that the key performance measures are mutually dependent. To capture this synergy of 
dependency relationships as in Figure 1, a balanced approach is to maximize the core parameters of 
the iron triangle through value-add, efficiency and speedy execution of the task. These terms are 
explained below in the context of the project execution framework: 
1. Value is defined as the ratio of the scope performed to the cost and is one of the critical 
performance indicators that need to be optimized through project controls put in place 
to ensure the scope is performed optimally. The value is what the stakeholders get from 
the project.  
2. Efficiency is defined as the cost to time ratio and determines the value of the work 
performed. It is a function of the team performance and is enhanced using the framework. 
3.  Speed is defined as the ratio of scope over time and is a function of team performance. If 
the project tasks or activities are well defined and the work instruction clear, the 
implementation is quicker and brings savings to the project. 
In addition, the framework is intended to address the risk component in the project, and this is 
achieved by subjecting the iron triangle constraints to risk evaluation. This way, the risks are identified, 
assessed and evaluated to gauge their impact to derail the actualization of the project. In fact, Prince 
2 identifies risk consequences as the critical element in the definition of risk, the emphasis of risk 
being; “a set of events that, should they occur, will influence achieving the objectives”. To address 
these consequences, the team executing the project need to be innovative, take measured 
approaches to complex situations hence the following definitions and approaches are applied: 
1. Innovation is defined as the ratio of risk to cost. The development of the framework is an 
innovative approach designed to improve the success rate of implementing projects. 
2. Complexity is defined as the ratio of risk over time. It is a function of quality management. 
The risks need to be fully understood so that the activities are not derailed during 
execution. 
3. The impact is defined as the ratio of risk over scope. There is always the risk of not 
delivering the full scope hence thorough task planning is necessary to root out the risks.  
Ashley (Ashley, 2004)  consequently proposed that the creation of an analysis framework will improve 
the project knowledge management while Todorović (Todorović, 2015) developed a project success 
analysis framework which was intended to build and share in the knowledge transfer. Furthermore, 
lessons learned from the existing frameworks help as a knowledge repository designed to enhance 
and improve project execution leading to successful project delivery. 
 Certainly, the analysis framework contributes immensely to the execution framework by offering the 
key linkages in the project execution by: 
1. Identifying the framework components 
2. Defining the evaluation criterion 
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The illustration in Figure 4 therefore highlights the key factors to the framework by showing a causal 
relationship. Likewise, the inputs represent a subset of factors which transcends to knowledge 
acquisition for the project. These factors evolve from loosely disjointed success factors to well defined 
key performance indicators used to measure the performance of the project. And the output as 
represented by the knowledge acquisition section contributes to the actualization of the framework 
through an iteration process. The knowledge is acquired from different sources to create the 
framework, the framework is then applied in project execution applications in the industry thereby 
transferring the knowledge. 
Furthermore, the proposed execution framework leverages project analysis framework for the key 
elements.  
Definition of the project's critical 
success factors
Definition of the project's key 
performance indicators
Measuring project success 
according to defined KPIs and 
documenting results of success 
measurement
Final evaluation of project 
success and creation of a final 
project report
External knowledge acquisition
Identifying needed knowledge
Knowledge acquisition
Knowledge creation
Knowledge application
Knowledge transfer
Identification and documentation 
of created knowledge
H1
H2
H
3
H4
H3
Project success analysis 
framework
Knowledge management project 
environment process
 
 
Figure 5: Project success analysis framework aimed at enhancing knowledge management 
in a project environment (Todorović, 2015) 
 
2.3 Preceding work 
Many researchers agree that the new standard for project success is the broadened set of measures 
used to define project success (Serrador, 2015), (Tsiga, 2016). These measures are designed to meet 
the ‘wider business and enterprise goals’ and it is important for the project sponsor to evaluate the 
project success. A Guide to the Project Management Body of Knowledge (PMBOK ® Guide) – Fifth 
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Edition (Project Management Institute, 2013) has since extended the project measures beyond the 
usual scope, quality, schedule, budget, resources, and risks parameters. 
Some scholars like Pinto, Slevin, and Prescott (Müller, 2012) researched extensively project successes, 
identified the importance of critical success factors and developed a framework for project success. 
On the contrary, Ozdemir (ÖZDEMİR GÜNGÖR, 2016) believes that project success factors do not 
necessarily guarantee project success. In the article, “2014A detailed analysis of existing project 
success factors” (Ghaffari, 2014), Mahdi chronicles the success factors and their categorization during 
the last five decades in a similar way as Muller (Müller, 2012) did. The table below summarises the 
project success trajectory over the years. However, little is found on the specificity of project 
execution frameworks. 
Table 1: Project success trajectory adapted (Müller, 2012) 
Period  Focus 
Period 1 (1960s-1980s) Project implementation and handover 
Iron triangle as a standard success measure 
Period 2 (1980s-1990s) Development of critical success factors (CSFs) 
Single measure for project success 
Period 3 (1990s-2000s) The emergence of integrated frameworks on project success 
Classification of CSFs and interrelationships 
Period 4 (21st Century) Strategic project management 
Success criteria, collaborative relationships, and project performance 
 
To close this gap, authors Pinto and Prescott (Müller, 2012) developed a comprehensive framework 
using the combined project success factors which can secure project success and can be applied to 
any industry.  
Furthermore, the multi-dimensional performance frameworks by Ngacho and Corti (Ngacho, 2014), 
(Golini, 2017a) were developed with the framework metrics extending beyond the parameters of the 
triple constraint. Other authors also explored the view that project success criteria and project success 
factors cause the project to succeed and that view supports the following relation:  
  +,-./01 230/22  ,/2341 5 6,-0/22          (4) 
where the result embodies the framework activities to be measured. 
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Evaluation of project 
success
Result x Process
Satisfaction Process
Performance
Schedule
Quality
Cost
Risk
Result
 
Figure 6: Project assessment factors 
Another view studied the impact of tools, software and methods on the successful delivery of projects 
and a striking insight were drawn that project management and software tools, methods and 
techniques need to work in unison (Jugdev, 2013). The project management tools like Gantt charts, 
WBS, PERT and Software tools like MS office help to implement the project activities whereas methods 
and techniques like Prince 2 provide guidelines. This view is shared with the systems engineering 
practitioners and widely applied in project execution. 
Though project management literature places more emphasis on the use of a project framework to 
proffer a "roadmap" that offers better efficiency and effectiveness in delivering project outcomes, 
leveraging quality benchmarks, support and integration of project planning and project management 
expertise ensure visibility of project monitoring. Most authors agree that project success is influenced 
by the tripod factors of top management support, sound methodology, and solid technical leadership, 
of which this study focuses on the technical aspect. 
According to Ngacho (Ngacho, 2014), the variable performance indicators like time, cost, quality, and 
safety can be validated against the overall project performance. This proves the in-exhaustive nature 
of the success factors used to assess project success and are not industry specific. Also, Ahmed 
(Ahmed, 2013), identifies project leadership which encompasses managerial knowledge, skills, 
competencies, and characteristics as attributes that play a pivotal role in project success. Other factors 
include the following; 
1. User involvement – all stakeholders are engaged from inception right to the end. 
According to Drury and Grogan (Drury-Grogan, 2014), ‘client satisfaction is a key driver for 
projects as their satisfaction allows the project to continue’. 
2. Management support – the project requires senior management buy-in and support who 
would timeously take decisions when required. 
3. A clear statement of requirements – the requirements form the bedrock of the project 
and drive the project activity. It is not surprising that the project falters if requirements 
are poorly defined, keep changing or the expectations are unrealistic. 
4. Proper planning- for a project to succeed, there is no substitute for detailed planning. 
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5. Smaller milestones – this allows for assessment, verifying and validating the task 
performance against the scope. It provides a measure of things going right and if there is 
a deviation, corrective action can be implemented thereafter. 
6. Competent staff – this is the critical area of the success equation. Competent staff drives 
and execute the project task. 
7. Ownership – the project team’s commitment to delivering the best solution is sought.  
To circumvent uncertainties in the project, the use if indicators like the cost performance index (CPI) 
and schedule performance index (SPI) is encouraged to track deviations on time and take corrective 
actions. 
2.4 The success factors for the framework  
Milosevic and Patanakul (Milosevic, 2005) define the critical success factors as “characteristics, 
conditions or variables which have a significant impact on the success of the project when sustained, 
maintained and managed appropriately”. This definition reflects a causal relation which is supported 
by project management sourcebooks (Cadle, 2007), (Forsberg, 2005), (Kerzner, 2017), (Meredith, 
2012), (Nicholas, 2008) , (Verzuh, 2015). It also complements the objectives of the project analysis 
framework of Figure 4. 
 
 
Figure 7: Success factor groups adapted (Milosevic, 2005) 
 Other writers regard critical success factors as approaches, activities, and practices which ensure that 
the project is successfully implemented. To this end, authors, Pinto and Slevin and Pinto and Mantel 
(Pinto, 1988) provide insights into the factors that contribute to project “success”. Hence, this study’s 
aim is to explore the key factors of the execution framework by focusing on the “characteristics, 
conditions and variables”. 
 Since the evaluation of the execution framework is not entirely based on the triple constraints, some 
of the performance indicators are viewed from the customer satisfaction perspective. It is thus 
imperative to have the success factors that cover the project-wide processes. 
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Arguably, the right combination of success factors delivers a successful project. However, the adoption 
of new technology and the skills level required for the project adds new complexities that could propel 
the project to a total failure. 
According to Alias (Alias, 2014), the critical success factors have a positive impact on the successful 
delivery of the project and these factors have been modelled into a conceptual framework for the 
whole project life cycle phases as shown in Figure 8. 
 
 
 
Figure 8: Conceptual framework (Alias, 2014) 
In this chapter, a system engineering inclined project management approach is sought and focuses on 
the success criteria factors.  
Success criteria factors are defined as measurements which are established to determine whether the 
project satisfies its objective and meets its requirements. According to Dvir (Dvir, 2003b) the 
evaluation of project success is based on: 
1. Meeting project goals – does the result meet the user requirements? If this is viewed from 
the PMBOK knowledge area perspective, the project scope ensures that the project 
output covers all the work required to complete the project successfully. 
2. Meeting end-user benefits – this relatively covers the project stakeholder management in 
which the processes and people are aligned to the expectations and the associated 
impacts. 
3. The commercial success of the project and potential future revenue – this is the value 
creation of the project 
 Among the other key factors are top management support, project team competency and 
requirements management.  
The PMI (Project Management Institute, 2013) postulates that success factors are verified, influenced 
and driven by the objectives of the stakeholders and this is generally meant to improve the acceptance 
of the delivered project and to enhance client satisfaction. It defines the project success using seven 
key performance indicators as illustrated in Table 2. 
  
  
27 
 
 
Table 2: Critical success factors 
Critical success factors Reference 
Project governance – defines roles and 
responsibilities.  
(Dijksterhuis, 2017), (Wasson, 2015), (Turner, 
2016) 
Stakeholder management – requires support 
from senior management 
(Joslin, 2015) 
Project team motivation  (Bianco, 2016), (Golini, 2017b) 
The commitment of all project participants (Meredith, 2012), (Todorović, 2015) 
Skilled project managers  (Karaman, 2015b), (Silvius, 2014a) 
Effective control, such as monitoring and 
updating plans 
 (Ajelabi, 2010), (Forsberg, 2005) 
Adequate financial budget  (Kerzner, 2017), (Meredith, 2012), (Verzuh, 
2015) 
 
 
2.5 Literature discussion 
The views from the literature on project success are varied and depends on the clarity of the project 
undertaking, however, the objectives converge on the six variables of completing the project on 
schedule, within budget, performance specifications, focus on quality, risk mitigation and other 
benefits. Some researchers classify the objectives into two categories as the short and long-term 
objectives. The short-term project assessment is based on the triple constraints, whereas the long-
term assessment measures user satisfaction and sustainability. 
Undeniably, the literature is not prescriptive on the set of the success and criteria factors. However, 
the factors articulated by Langston (Langston 2013a) resonate well with the project characteristics 
and conditions within the gas industry execution project environment. To monitor the project 
performance, cost and schedule indexes are presented as critical tracking methods which provide 
indicators of ensuring that the project is delivered within the budgetary constraints. Accordingly, 
Elshaer (Elshaer, 2013), proposes two tracking methods to gauge the project performance. First is the 
top-down approach which uses the earned value management to effect corrective actions at the 
activity level and the second approach is the bottom-up tracking method which analyses the schedule 
risks of the activity.   
In addition, Unger (Unger, 2012)  adds quality as a three-dimensional attribute of the success equation 
which ensures that the quality aspects are operational throughout the project execution based on: 
1. Information quality – this pertains to the availability of the project information in a 
transparent and comprehensive manner. 
2. Resource allocation quality – refers to the timely allocation of project resources 
3. Cooperation quality – this pertains to the project team cooperation and nurturing of the 
creativity of all the stakeholders. 
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Since much of the activities are leveraged in the development of the framework to facilitate role-
playing with key responsibilities, this framework provides an integrated structure to implement the 
six variables. 
2.6 Chapter conclusion 
This chapter examined the project success and criteria factors. Based on the arguments given, it is 
prevalent to apply critical success factors to evaluate the success of the project. However, some 
literature postulates that there is ‘no one best set' of critical success factors for specific projects and 
contexts. Hence, it is difficult to apply one set of success factors as a criterion to evaluate project 
performance. 
Regardless of the lack of convergence on the accepted success factors in the different industries and 
applications, project evaluation using the factors is effective. It is envisaged that with the execution 
framework in place, a correlation between the task and measurement is established. 
Concomitantly, the project success analysis framework and Langston’s iron triangle are used as a basis 
to delineate the execution framework.  
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Chapter 3 Theory of project execution 
3.1 Introduction 
Chapter 2 investigated some literature with respect to effective project delivery. This chapter follows 
by examining the theory of project execution and control to get a better understanding of the 
pragmatic attributes which help formulate tools to design, analyze and control project processes. 
Though the theory is implicit and often obsolete, the project management principles are characterized 
as standardized practices which are widely adopted domain in all industry sectors. The theory is filled 
with a host of adopted tools, software, methods and techniques from other engineering disciplines 
and these have been customized to improve the delivery of successful projects (Jugdev, Perkins et al. 
2013). In recent times, this practice has been extended and merged into system engineering and 
quality management domains.  
Jugdev (Jugdev, 2008) (Jugdev 2008) defines a theory as “a coherent description or explanation of 
observed experienced phenomena” which has been validated by both academics and practitioners of 
project management. According to Koskela (Koskela, 2002), the theory consists of concepts and causal 
relationships which describe the functions of project management to achieve the stated goals. 
However, competing theories suggest that there is no expressed theory of project execution besides 
practices encapsulated in the PMBOK (Project Management Institute, 2013) and APMBOK (Association 
for Project Management, 2006).  
As with the reviewed literature, the theory expounds on the “how to” processes of project 
implementation. Some theories defy the conventional theories of project management as with the 
Last Planner and Scrum project methods which prescribe situational methods of project management. 
The Last Planner is premised under detailed planning before the execution phase. However, it assumes 
that at the beginning of the task, the required resources are fully committed for the task 
notwithstanding the correctness of the task and other delays which may warrant a repeat of the task 
as alluded to by Koskela (Koskela, 2002). He further exhibits the execution phase using the thermostat 
model in which the planned task is controlled by the execution plan. 
 Part of the theory resides in tools and techniques which some writers like Jugdev and Besner (Jugdev, 
2013), (Besner, 2004) argue that they are critical for evaluating project performance, thus ensuring 
the project is delivered on schedule, cost, and quality. Hence, tools and techniques are instrumental 
in fostering good practices which is a prerequisite for delivering successful projects.   
Despite the advancement and integration of the project management tools, the implementation of 
projects has its challenges. These challenges result in the failure to realize the project objectives of 
delivering on schedule, cost, quality, performance and meeting customer satisfaction. 
3.2 Theory of project execution  
According to the APM-BOK (Association for Project Management, 2006), the theory of project 
execution encompasses the implementation, monitoring, and control of the project plan and is 
interfaced between the planning phase and the project close out. It is where the bulk of work is 
performed and much of the budget expended to cover the cost incurred. During project 
implementation, the performed work is assessed against the planned work and the technical 
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objectives are reviewed and verified. Also, the resource expenditure is examined using the cost 
breakdown structure against the work breakdown structure.  
In recent times, project quality management has been included in all facets of the execution phases 
to ensure that the project processes accomplish the expected outcomes of satisfying and meeting the 
stakeholders’ expectations. It involves performing quality planning, quality assurance, quality control 
and quality improvement throughout the stage phases continuously.  
Similarly, the system engineering approach (Blanchard, 2014), shows that project execution 
progresses as a four-stage process which starts with the design stage, followed by the development 
stage, testing, and the implementation stage. Other sources (Khisty, 2001), (Hughes, 2006)  identify 
the four-stage processes as analyze, develop, verify and deploy phases. These stages represent an 
execution effort through which the application of knowledge, skills, tools, and techniques to the 
project activities deliver the project within the constraints of cost, schedule, scope, and quality. 
Interestingly, PMI (Project Management Institute, 2013) confines the implementation process to two 
distinct processes of executing and monitoring and controlling of the project activities. Suffice to say 
the PMI approach represents the high-level supervisory role of the systems engineering effort to the 
implementation of the stage processes. 
In the Information Technology (IT) world, the IT project execution model (IT PEM) leverages the system 
engineering principles for implementation while incorporating the project management guidelines to 
execute the project activities. The software development stage as the equivalent to the project 
execution phase focuses on “activities, methods, practices, and transformations used to develop and 
maintain the software and relevant products (e.g. project plans, design documents, codes test cases)". 
Thus, it is founded on an iterative cycle of analysis, design, develop and test of the project activities. 
Inclusively, the envisaged framework is a summation of the aligned elements of the three models to 
draw synergy, structure and performance fit as illustrated in Figure 9. 
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Figure 9: The project execution theory map 
To enhance the practical impact of the framework, the system engineering approach is adapted to 
focus on what the framework can do and how it is constructed to produce the required capability. As 
in Figure 8, the development stage is focused on executing a verified and validated system which 
satisfies the user requirements.  
“Systems engineering is an inherent part of project management―that part that is concerned with 
guiding the engineering effort itself―se*ng its objectives, guiding its execution, evaluating its results, 
and prescribing necessary corrective actions to keep it on course” (Kossiakoff, 2011). 
In the article “Front ending loading” (Shlopak, Emblemsvåg et al. 2014), Shlopak proposes front ending 
loading models, frameworks, principles and best practices used in the building of ships as a technical 
fit and can be customized for the gas manufacturing industry. Notable characteristics for the front-
end loading dictates that the execution process have a well-integrated project team, have good 
project control measures and that the scope is properly defined. This ensures that the scope of the 
task is understood ensuring proper execution and successful outcome for the project. 
Furthermore, system engineering views project execution as the management of the technical 
processes (Blanchard, 2014), (Friedenthal, 2014). This is illustrated in ISO/IEC/IEEE 15288 as: 
“[6.3] the technical management processes are used to establish and evolve plans, to execute the 
plans, to assess actual achievement and progress against the plans and to control execution through 
to fulfilment. Individual technical management processes may be invoked at any time in the life cycle 
and at any level …” 
In contrast, the PMBOK (Project Management Institute, 2013), views the execution phase as the 
implementation of the project that has been authorized to proceed for execution. It states that;  
System engineering methodology
System design Construction Integration and testing Installation
PMI PMBOK
Executing Monitoring and controlling
IT Project Execution Model 
Design Development Testing Implementation
  
  
32 
 
“The executing process group consists of the tasks to be performed to complete the work defined in 
the project management plan in order to satisfy the project specifications” (Project Management 
Institute, 2013). 
According to Prince 2, the project execution theory converges on integrated process groups and its 
focused approach on principles, themes, processes, and tailoring. Its overall objective is to deliver the 
project on time and on budget while protecting quality. 
Taking a leaf from the project success analysis framework (Todorović, 2015), this study seeks to prove 
that well-formulated execution processes contribute to the successful delivery of the project. It relies 
heavily on the experience and expertise derived from the gas industry. In addition, the leadership 
aspects of the project management performance assessment model (Mir, 2014) was examined to 
improve the acceptability of the project execution framework tasks as summarized in Table 3 below: 
 
Table 3: Execution process tasks 
1 Direct and manage project work  
 
The project execution oversees the implementation of 
the baseline plan (Kerzner, 2017) 
2 Perform quality assurance  
 
Develop the capacity to execute the project 
successfully, develop specifications meeting the 
quality requirements. It represents an auditing 
mechanism (Forsberg, 2005). 
3 Acquire project team  
 
The project team is core and critical to the execution 
process. 
4 Develop the project team  
 
A cohesive project team with properly defined roles 
and responsibilities is required (Meredith, 2012). 
5 Manage the project team  
 
This ensures the project team performs the tasks to 
expectations (Nicholas, 2012).  
6 Manage communications  
 
Effective communication is required (Project 
Management Institute, 2013).  
7 Conduct procurement  
 
Award contracts and order materials for delivery 
(Kerzner, 2017).  
8 Manage stakeholder engagement  
 
Engage with stakeholders in an appropriate manner 
(Hughes, 2006).  
 
Systems engineering (Kossiakoff, 2011) views the project execution processes from the configuration 
management perspective which is characterized by the physical conversion of the idea into a finished 
product and the focus is on the design, development, and implementation.   
Also, the study endeavors to explore the Logical Framework (Sage, 2009) and integrate project 
management theories from PMBOK, APMBOK and Prince 2 to get an understanding of how the 
execution process functions. As it is a conceptual tool, it will allow the allocation of responsibilities 
and help evaluate the execution process by comparing expectations and observations.  
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3.2.1 Execution processes 
 The project processes form the key blocks of the framework, hence to construct the project execution 
framework, one is influenced by the PMI (Project Management Institute, 2013) which lists the 
execution processes as coordination of people and resources, stakeholder engagements, 
implementation, and integration. It is then validated by the monitoring and control processes which 
track and review progress against the plan as well as ensuring that changes are documented. This view 
is summed up by Meredith (Meredith, 2012), who asserts that schedule, cost, and performance need 
to be planned, monitored and controlled. 
3.2.2 Execution activities 
According to the PMI (Project Management Institute, 2013), a process is defined in the context of 
interrelated actions and activities designed to perform a function and is broken down into smaller 
manageable work packages. As with the Scrum approach, the execution activities are iterative and 
incremental. The project team analyses the task requirements and evaluates its own capabilities based 
on the technology available to resource the task.  
3.3 Theory of monitoring and controlling  
The theory of monitoring and controlling is the process which monitors, controls and tracks the project 
status with the baseline. The project status is continuously checked by managing the variance between 
the standard and the measured value.  According to the PMBOK,  
“The monitoring and controlling process group consists of those processes required to track, review, 
and orchestrate the progress and performance of a project; identify any areas in which changes to the 
plan are required; and initiate the corresponding changes”, (Project Management Institute, 2013). 
Project performance monitoring is therefore vital as it provides the time/cost status of the project 
relative to the baseline schedule. Furthermore, Hazır (Hazır, 2015a) argues that project monitoring 
and control minimizes the deviations of the project plans from the baselines and this is accomplished 
by comparing the project plans, analyzing the deviations and implementing the corrective actions. It 
is thus imperative to keep the deviation window as small and manageable with respect to: 
1. Failure to meet due dates 
2. Costs going over the target 
3. Poor quality 
4. Not meeting performance or functionality 
The figure below represents a typical control loop that is used to monitor and control discrepancies 
between the planned target and the actual work. Typically, the actual cost or time is compared against 
the targets. It is found that if the actual schedule is lagging, more resources are added (not necessarily 
more people) to the project while keeping an eye on the cost. If the schedule is ahead of the target, it 
is advisable to complete the project as quick as possible. 
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Compare progress 
vs targets
Satisfactory
Proceed with task
Corrective action
NO
Yes
 
Figure 10: Monitor and control tasks adapted (Hughes, 2006) 
According to Prince 2, project control is intended to check and validate the actual progress against the 
plan. Reviews are done regularly and if problems are detected then corrective actions are initiated to 
remedy the situation.  
 As in Table 4, monitoring and control engagements serve to enhance quality in the project and is not 
a once-off exercise, but an onerous and dynamic process done continuously during project execution.   
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Table 4: Monitoring and control 
1 Monitor and control work  
 
Planned work is performed and monitored. 
2 Change control  
 
Engineering management of change is 
instituted to guide the change process. 
3 Validate scope  
 
The delivered project meets the actual 
requirements.  
4 Control Scope  
 
The scope is updated to include all the 
changes and recorded. 
5 Control schedule  
 
The project report on progress is tracked for 
deviations.  
6 Control costs  
 
The project costs and reporting on progress 
and deviations.  
7 Control Quality  
 
Project quality is controlled to ensure that the 
deliverables of the project are produced to the 
required quality.  
8 Control communications  
 
Communication is vital and integral to the 
project processes. 
9 Control risks  
 
Assessing risks in the risk register and 
responding accordingly.  
10 Control Procurements  
 
Managing contracts with inspections and 
audits to ensure compliance.  
11 Control stakeholder engagement  
 
Managing stakeholder’s engagement and 
performance.  
 
The theory of control is furthermore divided into performance evaluation and change control. The 
performance evaluation measures and monitors the actual work progress, which is then compared 
against set targets and any deviation is brought back on track through the change control loop as 
illustrated in Figure 11. More often, when a change requires a major system redesign, this can delay 
the schedule and can increase the cost of the project. To avoid the project change control problems, 
the scope freeze approach is encouraged on completion of the design and before the procurement 
process commences. 
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Monitor progress
Evaluate progress
Assess possible control 
actions
Select and implement 
control actions
NO
Yes
 
Figure 11: Monitoring and control cycle (Cadle, 2007) 
3.4 Theory of project accounting 
According to the PMI (Project Management Institute, 2013), project accounting is the standard 
approach for measuring and evaluating the progress of the project. It is the basis for allocating work, 
budget and schedule requirements. At the core of the project are the two accounting concepts of 
earned value management and scheduled value management techniques whose indices are used to 
accurately analyse and control the performance of a project. This begs the question; “What is the 
impact of the value management principles to the evaluation of the triple parameters?”  In pursuit of 
the answer to the above question, this study assesses how the earned value management (EVM) 
technique helps to improve the realization of the framework objectives. 
 
Naeni (Naeni, 2011a) argues that the implementation of EVM enhances the cost and schedule 
performance of a project while on the other hand, Tzaveas (Tzaveas, 2010) asserts that EVM “ has not 
been successful in assessing schedule performance” when the earned value (EV) converges to the 
planned value (PV). To remedy the limitations of the earned value concept, the earned schedule (ES) 
concept is used to manage the project time schedules.  
In addition, the earned value management is leveraged to provide a warning mechanism for any 
deviation from the target measures and mitigate the risks from the overruns. 
The APM (Association for Project Management, 2006) stresses that EVM “facilitates the integration of 
project scope, time and cost objectives and the establishment of a baseline plan for performance 
measurement”. 
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Both systems engineering (Khisty, 2001), (Blanchard, 2014) and project management (Hughes, 2006), 
(Kerzner, 2017), (Project Management Institute, 2013) theories on earned value converge and define 
earned value as a metric reporting system that uses cost-performance metrics to track the cost and 
schedule progress of system development against a projected baseline. It measures and assesses the 
quality of the actual progress and calls for corrective action for deviations detected. However, it does 
not identify the cause of the problem. 
Furthermore, studies agree that the earned value management is a vital tool to evaluate project 
performance and progress based on cost, schedule and performance. The two principles complement 
each other as the earned schedule is an extension (Narbaev, 2014) of the earned value management 
introduced by Lipke (Lipke, 2011) to track project progress during execution.  
Since much of the project work happens in the implementation phase, earned schedule is vital in 
determining the final costs, the project duration, and completion dates, thus helping in the 
identification of process constraints. Comprehensive planning is deemed necessary hence the work 
breakdown structure. The work breakdown structure (WBS) is the keystone of the project plan and 
depicts task and activity which are decomposed into smaller and more manageable components. It 
represents the beginning of the system engineering effort into the project to transform requirements 
into functional deliverables, work packages, activities, and tasks as project outputs. According to the 
PMI, WBS is defined as a “deliverable-oriented hierarchical decomposition of the work to be executed 
by the project team”. The work breakdown structure is an imperative parameter within the execution 
phase, and it emphasizes on quality excellence to lead to successful project delivery. 
3.5 The theory of project quality management 
Quality is defined as conformance to the project’s requirements (Forsberg, 2005) hence its 
measurement is premised on how well the project meets the predetermined cost, schedule and 
performance expectations, requirements and specifications. It is intertwined with the technical 
performance and specifications and is used as a measuring yardstick for the project review gates.  
Invariably, quality is established at the onset as a critical decision gate regulating the execution work. 
The project team that executes the work must monitor and establish quality expectations early during 
execution.   
 
According to APM (Association for Project Management, 2006), quality ensures that the outputs of 
the project and the processes meet the stakeholder’s requirements. To meet this requirement, a 
quality management system is required to be in place. This quality management system will look at 
quality planning, quality control and quality assurance in totality to ensure the product does satisfy 
the user requirements. In short this can be defined as: 
1. Quality Planning – Planning which activities will be performed to define and monitor 
process to ensure that required quality will be achieved. 
2. Quality Assurance – The process of ensuring that activities are documented and 
implemented in order to ensure that the defined quality will be achieved. 
3. Quality Control – The activities performed to measure that the defined quality has been 
achieved. 
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Figure 12: Quality management system 
Ofori (Ofori, 2013) proposes the use of the quality management system to continuously assess and 
evaluate quality during project stages and if any deviation is identified, corrective action is 
implemented. This approach improves the cost, schedule and scope performance in that repeat work 
is eliminated. It also reinforces the use and application of the PDCA cycle as a quality tool designed to 
continuously improve the processes.  
The idea of ‘zero cost of quality’ is behind the desire to do things right the first time. Hence during 
project execution, the PDCA cycle, illustrated in Figure 13 helps to refine the execution plan, manage 
the communication plan, iteratively monitor and control the execution plan and improve 
continuously. In the PLAN quadrant, technical and quality planning is envisioned, and the DO quadrant 
is the physical execution of the project task. The CHECK quadrant ensures task evaluation is carried 
out and change control is done in the ACT quadrant. 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Project execution PDCA cycle adapted (Meng-Meng Ren, 2015)  
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3.6 Chapter conclusion 
The theory section pursued critical factors significant and integral to the project delivery and overall 
performance measurement of the project success. It relies heavily on other established fields like 
economics for the cost theory, systems engineering for the implementation theory and general 
management for the communication theory.  The theory increased new knowledge of project 
management and this provides fertile ground for future research. 
By exploring the nine schools of thought for project management, a convergence of managing and 
controlling the success factors is established deductively. Interestingly is the critical success factor 
school which examines success factors and outcomes based on the triple constraints of time, cost and 
scope. 
The theory's focuses on earned value management principles are partially to compute the cost and 
schedule performance and reinforce the notion that ‘you can only control what you can measure'. The 
risks aspects of project execution are addressed through quality considerations. 
Though project management lacks substantive theory, its strengths lie in the application of structured 
processes, tools, and best practices. These will be assimilated in the detailed design of the execution 
framework. 
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Chapter 4 Framework design 
4.1 Introduction 
The essence of this chapter is to contextualize the research problem using the systems engineering 
theory and best practices from PMBOK and APM as the design basis for the framework. The framework 
represents assumptions, concepts, and practices to be applied in the implementation of a project. It 
uses theoretical elements forming the conceptual framework to solve the project execution 
inadequacies of completing projects successfully and to this end, derives logical conclusions from 
known premises. It focuses on "system design level" template to outline the core execution tasks and 
the associated configuration. 
Accordingly, the framework design format follows an empiricist’s approach involving both inductive 
and deductive reasoning. The inductive reasoning is used to systematically solve the research question 
using specific observations from the project execution in the gas industry and deductively arrive at 
specific logical conclusions. According to Kothari (Kothari, 2011) theoretical parsimony lends to the 
refinement of the hypothesis. In the process of fine-tuning the framework, the execution 
configuration is altered to ensure it is adaptable and more efficient in delivering the project objective. 
However, since the research design is exploratory, the framework “hypothesis” is not going to be put 
to test in this study. 
Furthermore, the framework design is grounded on a qualitative approach to develop theoretical 
insights on project execution framework in the gas industry. It iterates between the design core 
activities and the evaluation and validation of the processes until the user requirements are met. 
However, its generic usefulness and relevance need to be proved in further research encompassing a 
much wider industry. 
4.2 The execution framework activity design 
The execution framework encompasses six-dimensional areas namely, the project management 
structure, resource structure, technical structure, implementation structure, quality structure and 
control structure to derive the execution framework. Suffice to say that the dimensions represent the 
project governance required to execute a successful project. According to Joslin (Joslin, 2016), project 
governance underpins project success and asserts that a causal relationship exists in which project 
governance is a dependent variable. 
Nicholas and Steyn (Nicholas, 2012), describe a framework as a tool or system of “structured tasks, 
and techniques to conceive, define, plan, schedule, budget, track, control, and close out projects”. 
Similarly, Musawir (ul Musawir, 2017) describes the framework as a model of "structures, roles, and 
accountabilities that enable effective implementation" of the project. It is established to organize and 
manage resources required to complete a project within defined scope, quality, time, and cost 
constraints. Therefore, the framework provides a system thinking perspective to visualize the holistic 
picture of the project execution activities and prescribes the implementation methods. Figure 14 
below depicts the tree of activities of the framework and each structure of the framework is 
entrenched on analyze, design, develop and deploy of the project activities. 
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Figure 14: The project execution activity design 
 As highlighted in the APMBOK (Association for Project Management 2006), some of the key benefits 
of the framework are: 
1. Providing consistency in the way the project is executed. 
2. Providing an enabling environment which allows for continuous improvement. 
3. Providing a balanced leveling of resources. 
4. Enhancing communication and coordination among the disciplines. 
To this end, Spundak (Špundak, 2014) argues that the framework provides controlled and managed 
guidelines to help the project manager run the project while Kerzner (Kerzner, 2017) finds the level of 
detail as good characteristics of a framework. 
According to Pinto (Müller, 2012), the execution framework is an essential tool to assess project 
success and performance. It seeks to identify the set of tools and techniques critical to the execution 
phase and its perceived value. 
Since the approved plan is performed in the execution phase, the framework facilitates the actual 
implementation and integration of the components into relationship sets designed to complete the 
project successfully.  
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Figure 15: The framework iterative steps 
As in Figure 15, the main iteration steps of the framework are the Analysis step, followed by the Design 
step, the Develop step and the Deploy step with monitoring and control running through all the 
execution components. It is critical that monitoring and control are implemented early on all stages 
to prevent non-complying incidents. According to Botha (Botha, 2016), the logic is to identify any 
discrepancy at the earliest possible time as this implies the lowest cost to rectify it. 
4.2.1 The execution framework 
In this section, the framework for project execution is presented as a process flow of activities starting 
with the approved scope Analyze stage, then the Design stage, Development stage, and the 
Deployment stage iteratively. 
The main activities in the framework are structured into: 
1. Phase. The mandatory activities are carried out in this space to deliver the execution 
phase objectives. 
2. Sub-process phase. This is where detailed work is carried out and more often, it is carried 
out by specialist groups. 
3. Decision gates. These serve as quality and control stages to ensure that the activities are 
performed correctly. 
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The framework for project execution
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Figure 16: Project execution framework adapted  (STFC, 2017)
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In the execution phase, the workflow processes are broken down into stages with clearly defined 
objectives and deliverables as in Table 5. To achieve these objectives, critical decision points are 
established in the form of reviews to interrogate the process and provide feedback to ensure the 
objectives are realized.  
Table 5: The framework workflow processes 
 
Workflow 
description 
Objective Critical decision 
(CD) 
Input Output 
1 Analysis Develop a 
detailed functional 
and technical 
specification 
which helps to 
execute the 
solution 
CD1 Project 
phase transitional 
checklist 
CD2 Deliverable 
checklist 
 Solution 
breakdown and 
analysis 
 Execution Kick-
off Meeting 
Project team 
assignment 
Review the 
approved 
project charter 
Set scope & 
timeline 
expectations 
 Identify risks 
 Scope of work or 
URS 
 Initiate the 
implementation 
phase and ensure 
all the role players 
know the execution 
plan 
 Plan 
Schedule and 
Resources 
MS project plan 
Schedule, 
resource & budget 
 Scope of work Set integrated 
schedules 
 Develop integral 
plans 
Project 
Performance Plan 
Quality 
Management plan 
Configuration 
Management Plan 
Communications 
Plan 
Procurement Plan 
Verify & Validate 
plan 
 Scope of work Implementation 
plans 
2 Design Design the 
technical 
specification and 
procure the 
solution according 
to the 
specification  
Analysis of the 
scope of work 
 Detailed design of 
the solution 
 Design approval  CD3  
CD4 
Design review  
 Project 
Procurement 
process 
Provides 
comprehensive 
bill of material 
  Procured 
equipment 
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3 Develop Build the solution, 
test and verify that 
the solution meets 
the requirements 
it was designed 
for. 
CD5  The solution is 
constructed and 
implemented. 
 Execution of 
Project Tasks 
    
 Change 
management 
All project 
changes must be 
documented and 
authorized 
   
4 Deploy The project is fully 
rolled into 
operation.  
CD6 (Critical 
decision 6) 
 Project is in 
operation 
 Commissioning To assure that the 
system is 
designed, 
installed and 
verified to meet 
the user 
requirement 
specifications 
 User requirement 
specifications 
Project 
commissioned 
system 
(Performance run) 
 Training     
 Hand-over & 
documentation 
    
 
     
 
In addition, specific and detailed task processes are done in the sub-process stages. As in 
Figure 17, the sub-process represents the “child” process used to define and execute 
administration type of activities of the project. Some of the activities like resource allocation 
are done at the beginning of the project, whereas others like project meetings and quality 
plans are reviewed continuously at defined frequencies. This is done to ensure project 
activities are tracked  
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The framework for execution subprocesses
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Figure 17: The framework sub-process activities
The framework for execution subprocesses
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4.3 Analyzing the framework 
The ‘Analyse’ phase is the critical stage of the execution phase as it refines the framework pillars 
through successive iterations. The pillars ought to be all-encompassing to ensure it covers all the areas 
required for the project. Using the framework structure, the user requirement specification is 
analyzed and translated into functional requirement specification for implementation. It also sets 
detailed plans for the subsequent phases and defines the work service level description to be applied 
during the project execution. 
According to Kerzner (Kerzner, 2017), the project manager and the core team examine the project 
work defined in the planning phase to ensure the development of detailed functional and technical 
specification that meets the user requirements. Critical decision gates which also act as quality gates 
are put in place to mandate the project team to thoroughly examine the technical documentation and 
standards.  
Part of the execution analysis focuses on resource allocation and apportionment to ensure timely 
implementation of the project. Hughes and Cotterell (Hughes, 2006) define a resource as any item or 
person required for the execution of the project and must be availed timeously for the task. The rule 
for resource requirement is to first identify the tasks to be performed and then to allocate the required 
resource. 
As shown in Figure 15, the task is mapped to the resource requirements. The project team, in turn, 
needs to have a good grasp of the following, 
1. Who is going to do what? Hence the call for resource and task allocation. 
2. How is the task going to be implemented?  
3. Where is the task going to happen? 
4. Why is this happening? 
5. When is this happening? 
To answer the above questions, an integrative approach is required. The APM (Association for Project 
Management, 2006) approach to executing the plan starts with the refinement of the plan, 
implement, monitor and control. It uses scheduling to “determine the overall project duration and 
when activities and events are planned to happen. This includes identification of activities and their 
logical dependencies and estimation of activity duration, consideration of requirements and 
availability of resources”. 
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Perform project task – PM structure
Resource requirements – Project team
Service requirements – Office space
Time schedule
Cost schedule
Quality control and assurance
 
 
Figure 18: Resource allocation plan 
In addition, the analysis of the execution requirements must ensure that: 
1. The project team has been debriefed about the scope 
2. The work packages are still valid, and the tasks are sequenced correctly. 
3. The resources are available for the duration of the project execution. 
4. The work breakdown structure provides the project organization and covers its respective 
responsibilities. 
5. The risks have been reviewed to improve with resource allocation. 
Importantly, is to consider the project management tools to be used to measure the performance of 
the project. The most extensively used tools include software for task scheduling, requirement 
analysis, activity list, Gantt chart, and work authorization. 
According to the PMI (Project Management Institute, 2013), the work structure must contain sufficient 
detail to allow integration of the project team with the allocated resources to ensure efficient delivery 
of the project. 
Communicating the plan is vital. According to Samakova (Samáková, 2012), communication is crucial 
as it facilitates the exchange of information or ideas among the project members. Whether formal or 
informal communication, it is used as a tool to give directives, hold meetings and providing progress 
reports.  
4.3.1 Analyse Subprocess  
The Analyse Subprocess 1 is designed for the administration of the project starting with the meeting 
schedules, defining and discussing the roles and responsibilities of the project team, and discussing 
the project approach, risks, constraints, and assumptions. At this point, the project manager walks the 
project team through the project and outlines the project matrix. 
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4.4 Designing the framework for the project 
The project design phase is exclusively focused on mapping the triple constraints and quality 
dimension into a framework characterized by the conversion of the defined technical specification 
into a solution which conforms to the specification. It maps the functional requirements to the 
architecture in the form of a description of what needs to be performed. Suffice to say that the 
functional requirements need to be comprehensive, clear, well structured, traceable and testable.  
An examination of the system engineering methodologies and techniques (Wasson, 2015) show that 
design synthesis results in the development of physical architecture. The physical architecture is based 
on project requirements to define the execution framework. According to INCOSE (Sage, 2009), the 
architecture draws on the experience, intuition and good judgment of the project team which is 
executing the project.  
 
Framework for execution Task execution
WBSRe-Planning
NO
Schedule task
Integrate scheduled task
Proceed to execute
During the task execution, 
outline the WHO, WHEN, 
WHAT, WHY and WHERE.
YES
 
 
Figure 19: Execution architecture diagram 
In Figure 19, the work plan is analysed and refined by the project team in the task execution phase to 
ensure alignment of the task to the user requirements. During the task analysis, the work plan is 
decomposed into work elements to help map the resources to the tasks and manage the execution. 
This work outline constitutes the work breakdown structure and helps to schedule the project tasks. 
According to Siu (Siu, 2015), the resource allocation follows the heuristic rules whose premise is based 
on: 
1. Task prioritization – the task size and complexity dictate that more resources are used on 
the task. The objective is to remove the risk associated with the task and ensure other 
tasks are carried out without delay. This also frees resources for execution of other tasks.  
2. The “earliest-ready, first serving principle” (Heagney, 2016)  is a scheduling approach 
designed to advance all tasks which have been deemed ready to be executed. It requires 
extensive planning to ensure that it does not create unnecessary competition for 
resources and idling in the process. 
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3. The “early-initial, first-ending rule” (Heagney, 2016) is a scheduling approach which 
requires that tasks with higher priority and early engagements must be done first. 
Cost management ensures the project is executed within budget and serves to control and monitor 
the actual project cost. Since the bulk of the cost is expended in the execution phase, it is, therefore, 
necessary to examine the cost control during execution. The PMI (Project Management Institute, 
2013),  ascribes cost management to the cost of resources required to complete the project. According 
to Naeni (Naeni, 2011a), the cost expenditure is used to measure the performance and progress of 
the project.  
Resource and cost allocation happen while the work breakdown structure is being developed. Hence, 
it is important to map the cost breakdown structure, as in Figure 20 to the work breakdown structure 
since the activity cost is dependent on the activity duration. This allows for an accurate assessment of 
the actual cost of each task.  The cost goes into the budget cost to be availed to the project team for 
expenditure during execution. 
 
Cost control
Cost schedule
Cost analysis - EVA
Cost reporting
Cost breakdown structure - 
activities
Consolidate all costs
Cost variance
Progress tracking
Integration & 
communication
 
Figure 20: Cost analysis 
A critical ingredient to the success of the project is scheduling which is defined by the APMBOK 
(Association for Project Management, 2006) as the process of providing the activity durations and 
precedencies. It provides a measure of work progress and expenditures based on the resource 
availability relative to the target dates. In the PMI (Project Management Institute, 2013), scheduling 
is best described by the work breakdown structure which provides the logical dependencies of the 
project activities. According to Nicholas (Nicholas, 2008), the work breakdown structure serves to: 
1. Determine the work packages to achieve the project requirements 
2. Prepare schedules.  
3. Prepare cost estimate. The WBS tracks cost and work performance as all the activities are 
assigned to cost elements. 
4. Assess the risks. 
As the saying goes, “the devil is in the detail”, scheduling by means of the work breakdown structure 
needs to be detailed and easy to understand to facilitate progress control and monitoring during 
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execution. In practice, the resources on the project and the project completion date direct the course 
of the scheduling of the work packages. Kerzner (Kerzner, 2017) recommends resource leveling and 
allocation techniques to address the inadequacies to execute the work packages. Firstly, the project 
end date is fixed as any extension incurs additional project cost and invokes contractual legal 
penalties.     
According to APM (Association for Project Management, 2006), quality is defined as the degree of 
conformance to the outputs and processes. This compliments the PMI (Project Management Institute, 
2013) view of quality management as encompassing processes and activities. Both definitions clearly 
stress the dimensions of quality in the process value chain of the activity and two key attributes come 
to the fore, namely: 
1. The activity must be performed to certain standards to deliver the expected requirement. 
2. The activity must also meet other requirements like availability, reliability, and 
maintainability. 
Both aspects need to ensure that all the processes involved in the execution are carried out efficiently 
in scope, cost, and schedule. As shown in Figure 10, quality plans must be integrated into the execution 
schedule with quality reviews and Fagan inspections (Cadle, 2007) being more visible. 
It is equally important to focus and alleviate all potential forms of risk in the project which will affect 
and delay the project. Bob Hughes (Hughes, 2006) identifies the risk drivers as: 
1. Performance risk – when the uncertainty causes the project not to meet the intended 
requirement. 
2. Cost risk – the probability that the project cannot be completed within the budget. 
3. Schedule risk – the probability that the project schedule will not be realized. 
4. Support risk –the framework is adaptable and easy to use 
One way to delineate the risk consequences is to apply the theory of constraints (TOC) (Goldratt, 1984) 
principles of identifying, exploiting, subordinating and elevating the constraints. The identification of 
the project needs is done through the requirement analysis and the requirements are exploited 
through a design process. As shown in Figure 20, the “Develop” stage ensures that the designed 
solution is subjected to thorough tests before deployment. 
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Figure 21: Risk evaluation using the theory of constraints (TOC) 
The use of Prince 2 approach to risk planning is deemed practical and relevant. During project 
scheduling, Prince 2 recommends introducing resources gradually to the project as per s-curve 
characteristics, avoid using untested suppliers or new technologies, have enough float and to remove 
parallel paths to the critical paths. 
4.4.1 Design Subprocess 
Detail project planning and engineering are the core activities of this Subprocess and utilize system 
engineering to define what needs to be done. According to Forsberg (Forsberg, Cotterman et al. 2005), 
the level of task decomposition should ensure that the following are addressed in the process: 
1. System specification to include functions, performance, interfaces, design constraints and 
quality attributes. 
2. Design reviews must be rigorous and able to design out latent problems. 
3. Test qualification must be able to verify and validate the user requirements 
4. Acceptance reviews should validate operational requirements. 
4.5 Developing the framework 
The framework development represents a statement of construction in which the project team 
implements the solution and verifies if the solution is a fit for purpose as defined in the user 
requirement specifications. According to INCOSE (Kaffenberger, 2013), the Development phase serves 
to “develop a system-of-interest that meets user requirements and produce, test and verify, evaluate, 
operate, support and retire”. To achieve the above outcome requires that management inputs of the 
human resources, budgetary and technical variables deliver the value and quality outcome. 
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Using the Logical Framework as the heart of the execution ensures that mandatory activities and 
deliverables deemed critical decision points are used to coordinate and control the activities. The 
starting point for the development phase is the kick-off meeting which is arranged by the project 
manager and outlines the following: 
1. Project execution responsibility matrix - Resources are allocated with well-defined roles 
and responsibilities 
2. Define the schedule of deliverables - The plan needs to be detailed to the activity level. 
3. Establish lines of communication - This should cover both verbal and written 
communication to ensure all the team members are aligned with the execution objectives. 
4. Establish reporting requirements - The project status is assessed against scope, cost, time 
and quality 
5. Change control procedure 
The kick-off meeting represents the official commencement of the project. Some housekeeping rules 
dictate that every formal meeting should have an agenda prepared and circulated to the participants 
before the meeting. The meeting proceedings must be documented and distributed. 
Accordingly, the project team is responsible for the detailed engineering which is the apex of the 
project execution plan. Essentially, the detailed engineering is a three-stage implementation phase, 
of which the method can be design-bid-build (DBB), construction management (CM) or engineer-
procure-construct (EPC). However, the EPC method is preferred as a turnkey approach to handle all 
the design, procurement and construction services. 
Conceptually, detailed engineering should be system engineering driven. It defines how the project 
activities are sequenced and performed iteratively to meet the requirements. Because of the detailed 
engineering, the specification description is clear to enable the purchase and fabrication of the system. 
The system design activities are produced based on the user requirement specification and inter alia, 
resources are allocated, and key interfaces are defined. Once the system design is complete, only then 
does the procurement process started. It is then followed by fabrication, coding and system assembly. 
When the construction is complete, the stage is set for commissioning. The workflow in Figure 18 
shows two supporting processes of integration and quality which run concurrently with every other 
process to ensure the delivered system has been validated. 
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Kick-off meeting
1. Coordination 
and integration
2. Detailed 
engineering
3. Quality control 
and assurance
2.1. Design 2.2. Procurement 2.3. Construction
2.3.1. Commissioning 
and testing
 
Figure 22: Development process workflow 
It offers better cost realization and excellent ground to integrate the project activities as there are no 
communication barriers among the project teams. Similarly, early triggering of quality activities 
ensures that verification and documentation of the inspections, reviews, and tests happen at the right 
time. If verification and validation are performed early, it enhances the probability of detecting defects 
early and solving them before they compound. 
4.6 Deploying the framework 
Mir (Mir, 2014) recommends measuring the project success in the implementation phase which is 
when the system has been installed in the operational environment. Hence, project deployment 
represents the successful project implementation. It covers the validation process, delivering an 
introduction to operations. The APMBOK (Association for Project Management, 2006) ascribes the 
implementation phase as the finalization of the design and the building of the deliverable. 
“Implementation is the phase of the project life cycle in which the project management plan is 
executed, monitored and controlled” (Association for Project Management, 2006).  
Essentially, the deployment objective is to install a functional system into an operational environment 
and evaluate the success on the measures of time, budgetary, effectiveness and client satisfaction 
criterion. 
Similarly, deployment precedes a validated and verified system. The system that is ready for 
deployment must have a release note, a confirmation that the critical decision gates have been 
certified. 
 System engineering (Blanchard, 2014) subsequently defines deployment as a concept in which the 
system is delivered, installed, integrated and verified. 
4.7 Critical decision points 
According to Forsberg (Forsberg, 2005), critical decision points often referred to as control gates or 
quality gates serve as review and approval points in the execution of the project. The decision 
transition at the gate is important as it ensures that the project tasks are properly and fully completed. 
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Therefore, it is critical that the decision gate approvers be composed of the key project players as in 
Figure 6 who are familiar with the project deliverables and governance. 
Largely, the project success is enhanced by the checks done at the decision gates which according to 
Forsberg (Forsberg, 2005) include; 
1. Improve quality deliverables. If the quality criteria are not satisfied, the process loops back 
until the criteria are met. 
2. Reduce the project risks of failure. The decision gate checks are a measure of the level of 
pre-preparation for the next stage. 
3. Ensure that things are done the right first time 
4. Result in increased focus 
5. Provide baseline approval and control 
On the other hand, the PMBOK (Project Management Institute, 2013), recommends phase gates at 
which the project performance and progress are compared and evaluated.  
 4.8 Organizational roles in the framework. 
Considering the emergent practices of Agile and Prince 2 methodologies, the assignment of the project 
manager is mandatory. The project manager’s responsibility is to ensure that the project is completed 
within the defined cost, time, quality and performance. To this end, Kerzner (Kerzner, 2017) 
recommends that the responsibilities of the project manager extend over money, manpower, 
equipment, facilities, materials and information/technology resources. In addition, the Project 
Manager role integrates the activities performed during the execution.   
The “12 eyes concept” describes the key roles required to successfully complete the project using the 
execution framework and are summarised in the table below: 
Table 6: Key roles of the execution framework (Burke, 2014) 
 
Role Function 
1 Project Manager (PM) Project administration, interfaces with the steering 
committee 
2 Project Controller (PC) Plans the project costs and tracks the project actual 
expenses against the budget 
3 Quality Assurance Manager QAM) Ensures the processes involved are carried out 
efficiently in scope, time and cost. 
4 Change Manager (CM) Manages the change related activities 
5 Test Manager (TM) Plans and coordinates the test protocols 
6 Validation Manager (VM) Validates the project activities and ensures that the 
delivered outcome meets the user specification. 
Compliance forms  
 
4.8.1 Resource management 
The framework dictates that a cross-functional team with enough experience be assembled to plan, 
execute and control the project activities. The project manager must define how the resources are 
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allocated through the work plan. The work plan breaks down the project into activities, sub-tasks and 
work packages which must be adequately resourced as detailed in Subprocess 1 of the framework. 
According to the PMBOK (Project Management Institute, 2013), resource leveling is one of the 
efficient techniques used to optimally analyze and manage project resources and evade resource 
allocation conflicts. Furthermore, this study recommends the use of digital tools like Microsoft project 
to manage the resources. 
4.8.2 Technical and implementation structure 
The technical structure is the backbone of the systems engineering effort. Suffice to say that most 
project houses are using a systems engineering approach as a means of designing projects. As outlined 
below in the realization processes (Sage, 2009), the technical structure is focused on the system 
delivered in a Waterfall method way. The project definition phase provides the scope which is 
advanced for implementation, integration, verification, and validation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: System realization (Sage, 2009) 
4.8.3 Quality of the execution framework 
By enlarge, the success of the project is judged by the perception of the stakeholders in addition to 
the accomplishment of the project specifications. Hence, the inclusion of quality in the execution 
framework is to emphasize the role and importance of quality in the assessment of project 
management practices.   
Research Question 3 sought to explore how the project execution framework enhances the quality of 
the project success. The premise in Figure 1 is to extend quality in the execution framework as an 
attribute of meeting or exceeding quality to all the activities and embed it into the project. To achieve 
this, it is recommended to make quality visible by integrating it into the project tasks all the way. 
System definition 
Implementation 
Integration 
Verification 
Validation 
System development & use 
Does the system meet the  
 stated requirements? 
Has the right system  
been built? 
The outcome is to execute. 
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Both the PMBOK and Prince 2 have comparable approaches (Karaman, 2015b) on quality 
management. There is consensus on the quality objective of ensuring that the project is completed 
efficiently and to the satisfaction of the stakeholders. Hence quality planning, quality assurance, and 
quality control are pivotal to the success of the quality management system.  
Furthermore, it is best practice to clearly define and document the quality objectives, approach, 
requirements, activities, metrics, and responsibilities in the quality management plan. 
4.8.4 Coordination, monitoring, and control 
Project monitoring and control is performed to address any deviations from the project baselines. 
When the project execution is underway, it is imperative to track and measure the progress against 
the plan. It is the objective of monitoring and control to identify areas of the project where 
performance is lagging and provide information on deviations in enough time for corrective actions to 
be applied. 
 Naturally, the measures normally used to track the progress are classified under: 
1. Performance measures – these metrics indicate the project progress, spending and 
schedule progress. The earned value analysis is the most favoured approach. 
2. Technical performance measures – these metrics relate to the systems engineering effort 
Hence, it is important to define and set the measures early in the project. Some authors recommend 
that the measures be reviewed at each milestone. This metric review helps to detect unfavourable 
trends and head off latent issues before they become critical paths. It also provides an opportunity to 
re-schedule the resources in instances where other tasks are lagging. 
“The Gantt chart allows the Project Manager, the project team, and any other interested parties to 
visualize the project and its progress in calendar or timeline terms” (Forsberg, Cotterman et al. 2005) 
On the other hand, monitoring the technical measures is a system engineering approach which helps 
to root out inefficiencies in the execution process. It uses configuration management to first establish 
baselines, from which the metrics are measured against. Hence, the underpinning goal is to: 
1. Do the right things   
2. Do things in the right sequence 
3. Do things right 
A very important aspect of the control function is reporting of the project status which should be 
timely, accurate and without difficulty to interpret. The PMBOK offers some guidelines on the 
reporting format that includes providing a summary of planned work and completed work during the 
period, the status of project milestones as in what has been achieved and what is predicted, required 
actions and cost or resource implications. It is also recommended to provide progress in graphics 
format. 
Change control must be handled delicately to ensure effective control of the discretionary changes. 
Hence, the scope change must be approved by the lead change manager who should evaluate the cost 
and time implications to avoid negative impacts on the project. 
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4.8.5 Framework integration and verification 
System integration and verification are key activities pivotal to the successful conclusion of projects. 
Integration ensures that the integrated task is functionally tested by focusing on the interfaces. On 
the other hand, verification demands that each activity is tested against its requirements. 
According to Kossiakoff (Kossiakoff, 2011), V-model is a powerful tool to verify and validate a process. 
The verification iteration confirms that the process meets the specified requirements whereas the 
validation confirms that the process fulfils the intended purpose. As with each verification iteration, 
non-conformances are detected and as they get corrected, the overall quality is improved. Thus, the 
verification and validation iterations help to identify major risks and reduce rework. 
Table 7 below summarizes the pros and cons of the framework. 
Table 7: Pros and cons of framework integration checks 
Strengths Weaknesses 
1.Validates the processes in the context of the life 
cycle process 
2. Ensures project inspections are carried out 
hence enhancing quality control 
1. The process is time-consuming and can slow 
the project progress 
2. Introduces complexity due to increased 
iterations 
3. Increased cost 
 
4.9 Chapter conclusion 
The execution framework represents six key pillars which are iterated during analysis, design, develop, 
deploy and monitoring and control to support and efficiently complete project execution. It offers 
robust planning, better control and facilitates coordination of the project activities. It is agreed within 
the Prince 2 practitioners that planning serves to outline the required outcomes, identify the activity 
schedules and the required resources to execute, identify the project team and the quality 
requirements. Complementary to the planning activities is the control activities which act to iteratively 
correct any deviations picked during the execution process. 
Furthermore, the framework is flexible and transferrable to any project type. It only requires that the 
initiation and definition phase requirements are coupled and mapped to the framework generic 
execution template. 
The project roles and assignments are assumed to have been defined during project setup and notably 
the Project Manager (PM), Quality Assurance Manager (QAM), Test Manager (TM), Change 
Management Lead (CM lead), Project Controller (PC) and Validation Manager (VM) which effectively 
drive the execution of the project. 
Furthermore, the framework is task execution orientated. As such, systems engineering principles are 
employed to execute the tasks and the expected result is an integrated and validated effort. In 
addition, a host of systems engineering management plans are established as critical decision gates 
to execute the project plan. It includes monitoring and control processes performed to track, assess 
and control the progress and performance of the project.  
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Equally important is the Prince 2 approach to quality control which uses quality reviews to evaluate 
the conformance to quality.  This complements the other tools and techniques found in PMBOK.  
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Chapter 5 Research analysis 
5.1 Introduction 
The development of the execution framework heralds a significant step to standardizing the execution 
phase activities and inter alia, providing a common platform for project implementation within the 
gas industry. It is a product of deductive reasoning; reductionist techniques and positivist approach 
whose attributes are depicted in a causal relationship.  
It follows a paradigmatic assessment which is deeply rooted in assumptions that the project 
management has no theoretical basis. However, the analysis is substantiated based on PM literature 
and hard evidence of success stories from the industry.   
In Chapter 4, the framework is presented as sequenced process tasks which are coordinated and 
controlled by the project manager and the project management office. The assessment examines the 
framework components and its alignment to the overall project goal, focusing on the execution of the 
project activities, resource management and the coordination and control of the execution processes. 
Accordingly, the logical framework approach is used to analyze the execution framework to further 
demonstrate that its application has contributed to the successful implementation of projects in the 
gas industry. 
5.2 Framework analysis 
The analysis follows a “well managed” approach which is designed towards examining the execution 
phase as a stage where the actual work is done. It is imperative to group the executed tasks into 
execution and control phases. The execution phase focuses on the project deliverables and the control 
phase tracks the project work. 
Similarly, the framework provides a roadmap of the project management, resource and technical 
structure in the execution of the project activities. It is a tool readily available to the project team 
which simplifies complex tasks into well-defined tasks with proper resource allocation.  
 5.3 Data collection 
The data collection follows a structured research survey approach to evaluate the framework using a 
combination of predetermined questions and statements which were distributed to selected 
candidates within the gas industry. The gas industry in South Africa is represented by three major 
organizations, namely Afrox, Air Liquide and Air Products forming the key players and having a global 
footprint. These are the principal players outside of the oil industry in South Africa. As such, the 
research survey was sent to project management professionals through a collaborative platform 
within the gas industry.  As in Appendix A, the research questions are structured in form and order, 
short and simple to follow. The respondents were required to select the answers from the given 
prescribed closed format questions to remove ambiguity in replies which can affect the interpretation 
of the results. However, to leverage the expertise of the respondents as subject matter experts on 
project execution, the respondents were required to optionally provide their comments in Appendix 
A comment section as a value-add. 
According to Walliman and Jonker (Nicholas Walliman, 2010), the sample size is influenced by the cost, 
time and effort expended on the research hence the decision to email the research questionnaire. In 
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the same, Kothari (Kothari, 2011) finds the emailing approach advantageous as the audience can be 
spread wider and larger thus making the data more dependable and reliable. It also allows the 
respondents to process the answers at a convenient time.   
The survey population was comprised of thirteen engineers from Afrox, nine personnel from Air 
Products and seven personnel from Air Liquide. The engineers’ background varied from discipline 
orientated, with others having majored in project management.  Of these, eleven Afrox personnel, 
seven Air Products and four Air Liquide personnel responded to the research questionnaires.  
The candidates chosen to participate in the interview lends credence to the quality and integrity of 
the data collected. Accordingly, Appendix B describes the profiles of the candidates and by no means, 
the wealth of experience in constructing air separation plants. Arguably, the overarching objective 
was to extract this meaningful and valuable information from the candidates that will contribute to a 
standardized framework of executing projects within the gas industry.  
Each framework structure or pillar had four questions to cover the Analyse, Design, Develop and 
Deploy iteration stages of the project activities. Each statement or question has also five possible 
closed format options where the “strongly agree” represents an affirmation of the framework 
component, through “agree”, “neutral”, and “disagree” to “strongly disagree” representing total 
disagreement. The framework pillar weight per option selection is an average score representing 
analyze, design, develop and deploy scores. The respondents had to rate the questions or statements 
presented in the questionnaire as in Appendix A. 
The survey is listed below: 
Question 1 of each execution framework structure focuses on the analysis of the project execution 
process. Arguably, the analysis questions are aimed at unveiling the casual links that contribute to the 
successful execution of the project.  
1A. The project resources must have a clear understanding of the assigned tasks for execution. 
1B. Are the right resources available for the project? 
1C.  Project requirement specification must be unambiguous. 
1D. Do the roles and responsibilities provide an accurate reflection of the implementation process? 
1E. Empowered teams drive continuous quality improvements. 
1F. Are costs and budget being appropriately monitored and forecasted? 
Question 2 set is aimed at addressing the design imperatives of the framework. If the design is correct, 
it will likely meet the user needs.  
 2A. The framework pillars, each contribute to the achievement of the project objective to a “set 
quality within time constraints and cost limits” 
2B. Project coordination includes the allocation of resources to project activities. 
2C. The systems engineering management plan must lay out the activities, resources, budget, and 
timeline for the project.  
2D. Is it important to adhere to the project schedule? 
2E. Are quality reviews being undertaken and recorded? 
2F. A detailed project schedule is a mandatory checkbox. 
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Question 3 set explores the development of the project. They interrogate the development tasks that 
ensure the successful delivery of the project. As listed below: 
3A. Successful projects are delivered on time, within budget, under specified scope and quality. 
3B. Critical decision gates provide decision checkpoints which must be satisfied and give approval 
to the preceding activity. 
3C. Integration of project activities enhances the successful completion of the project. 
3D. Work breakdown structure provides documentation of activities, milestones and resource 
management required to accomplish the tasks. 
3E. Project monitoring measures the project dimensions of scope, schedule, cost, and quality. 
3F. Is the change management plan is executed consistently, with appropriate approvals and 
communications? 
Question 4 set is structured in such a way that the output assesses the benefits of applying a 
framework to execute the tasks. Below are the questions: 
4A. The project execution framework offers a structured and integrated execution approach. 
4B. Decision gates used to manage and communicate project progress. 
4C. Verification is performed to confirm proper configuration for the achievement of project 
objectives. 
4D. System performance testing is carried out to confirm that the system works according to the 
specification in the design documents and meets the requirement specification. 
4E. Quality assurance delivers evidence required to ensure high-quality work. 
4F. Is there a tracking system for change management? 
5.4 Data analysis 
The purpose of data analysis is to process data into meaningful and quantifiable facts. Increasingly, 
the data is collected, analyzed and results interpreted. According to Yin (Yin, 2009), the interpretation 
of the results must factor in the interview comments in the analysis considerations.  Similarly, with 
the case study analysis, it requires examination beyond the statistical information.  
Figure 24 is a graphical representation of Table 8 using the Likert scale where the weight of each 
question ranges from strongly disagree, disagree, neutral, agree to strongly agree as in Table C1 of 
Annexure C.  
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Figure 24: Respondent summary for the framework components 
Judging by the information provided by the respondents, there is strong agreement on the creation 
of the framework structures to guide the execution of tasks. A pattern supporting the notion that the 
project execution revolves around coordinating, performing and integrating the project activities using 
the resources is observed. The pie chart in Figure 25 represents the summarized total and it shows 
most respondents agree on a general execution framework.  
It is the candidate's view that the data is representative of the core activities of the project execution 
process. A total of 22 people responded to the survey from the three gas organizations and is 
presented in Table 8. 
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Table 8: The framework structure score 
  
Strongly 
Disagree Disagree Neutral Agree 
Strongly 
Agree 
Total 
respondents 
Project management 
structure 2 2 2 6 10 22 
Resource structure 2 1 2 5 12 22 
Technical structure 1 1 3 5 12 22 
Implementation structure 1 1 2 5 13 22 
Quality structure 1 2 2 3 14 22 
Monitoring and control 
structure 1 1 2 3 15 22 
Cumulative         8         8       13     27        76         132 
Cumulatively, 57.6% of the questions or statements responded to strongly affirm the formulation and 
application of the project execution framework. 20.5% of the respondents agree to the framework as 
a methodology for executing successful projects. The two segments represent 78.03% of the survey 
questionnaire affirming that the execution framework is a “tool” for successful project 
implementation.  
The neutral segment represents a group of respondents that are indifferent to the formulation of a 
structured framework, though inconclusively agree that the project needs to be implemented 
successfully. 9.8% is indecisive. 
12.1% of the survey respondents are opposed to the execution framework. From the comments 
captured in the research survey, it can be noted that the respondents who disagreed with the 
framework opted for other framework variants. 
The comments captured are discussed in the subsequent collated data section of the research. 
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Figure 25: Response overview 
Through the application of deductive analysis technique (Elo, 2008), (Creswell, 2017), the candidate 
seeks to examine the building blocks of the execution framework using the knowledge obtained from 
the respondents.  
 
 
Figure 26: Response breakdown according to framework structure 
Figure 26 gives a summary of the framework structure score and provides a coherent view of the focus 
areas during project execution. If viewed from the project success factor perspective, the ultimate 
objective of the project is meeting the triple constraints of time, cost and quality. The framework 
dictates that the structures are executed in unison to ensure the project is completed successfully. 
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Hence, inferences to Table 9 offers answers to the research questions in that the framework “provides 
project managers with the information and forms needed to effectively lead a project”. 
Table 9: Framework pillar elements 
Item Framework structure  (agree + 
strongly 
agree) 
Link to the project success factor 
1 Implementation structure  18/22 Ensures project objectives of 
schedule, budget and scope are met 
2 Quality structure 17/22 Ensures user needs are satisfied 
3 Technical structure 17/22 Ensures cost and scope are met and 
aligned to user requirements  
4 Resource structure 17/22 Facilitates the process of meeting the 
project objectives. 
5 Project management structure 16/22 Supports the execution team 
6 Monitoring and control structure 18/22 Ensures verification and validation  
Uniquely, the structures are the pillars of the framework and they have been embraced within the 
organization on the strengths of projects that have been delivered meeting the triple constraints and 
quality specifications. Subjectively, the pillars have been ranked according to the respondent’s 
weighting. 
5.5 The case study  
According to Yin (Yin, 2009), the value proposition from the case study is its ability to “uncover a 
phenomenon by testing a theory, model or framework and creating causal links”. It goes without 
saying that the case study provides real grounds for testing the framework though the conclusion 
could be biased and difficult to generalize. 
 The case study is aimed at testing the validity and relevance of the framework activities in the 
construction of an Air Separation Unit (ASU). For the gas industry, the ASU is the lifeline of the 
organization forming the source of the manufacturing process. To sustain the operations, efficient 
new plant designs have been conceived at the global head office and rolled out to geographical 
locations for implementation. However, the implementation has not produced consistent results. 
Conspicuously, the lack of an execution framework is a contributory factor to the continued project 
failures.  
Two case studies are examined to validate the candidacy of the proposed execution framework during 
the execution phase. These are: 
Case study 1: Port Elizabeth Air Separation Plant (2018)  
Case study 1 focuses on the construction of the plant in Port Elizabeth in 2018 which provides some 
insights into what constitutes a successful project. Around April of 2018 and being part of the lead 
engineers tasked with the construction of the new plant, the candidate requested senior management 
to apply the execution framework.  The requested was granted with a set of conditions that quality, 
cost, and schedule are not to be compromised. 
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The implementation of the plant built was done locally. The project execution team was initiated and 
set up to grasp the project. The team progressed through the analyze, design, develop and deploy 
iteration cycles during the project execution. 
Upon the appointment of the project manager and the project team, the team set up a project 
execution plan whose objectives were the solicitation of the project requirements, determining the 
schedule and cost calculations, quality control and assurance, risk management, communication and 
scope control. 
As part of the requirement solicitation, the project team brain-stormed on the key activities of the 
project as shown in Figure 27 and the analysis determined: 
1. Project scope - the refinement led to the decomposition of the work tasks in adequate 
detail. 
2. Breakdown structure - both the work and cost breakdown structures were formulated, 
assigned to the tasks and implemented. 
3. Project and engineering quality assurance and reviews - In-between the project stages, 
decision gates were set up to serve as quality checkpoints, engineering review 
checkpoints, and control validation points. This ensured that the tasks could not proceed 
unless they satisfied the set conditions. 
4. Risk assessment – completed for all the tasks.  
5. Procurement. Equipment procurement followed the design phase to ensure the correct 
equipment was procured and timeously delivered. 
6. Commissioning plans - were set-up with accurate data to ensure smooth execution 
The project team was structured as per the organogram shown in Figure B1 of Appendix B and adopted 
the execution approach illustrated in Figure 22 to implement the project.  
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Figure 27: Organization framework for executing projects 
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The project was executed on schedule and the full scope delivered to the satisfaction of the customer. 
However, there were cost overruns due to unexpected civil work. 
Irrefutably, the project was a success and its success was attributable to the project team's 
commitment to thorough scope analysis. The team had rigorous planning processes in place and the 
plans were done diligently. Quality measures and checks were embedded in these processes. 
Furthermore, sound monitoring controls were put in place to track and correct any deviations. 
This case study demonstrates that an execution framework enhances the chances of delivering a 
successful project while pursuing cost, schedule, and quality objectives and technical requirements as 
prescribed by Farzana (Mir, Pinnington 2014). 
 Case study 2: Manchester Air Separation Plant (2018) 
The Manchester plant construction followed the successful completion of the Port Elizabeth plant. 
The project execution team was completely new, though the key personnel in the project participated 
in the project close-out and post-mortem. Hence, the project approach and structure pursued were 
similar to that of Case Study 1 with influences from Agile and Prince 2 methodologies. 
Upon getting the approval to execute, the project manager and the team created a quality project 
schedule with full details of phase scope, milestone decision targets and task details. As stated by 
Kerzner (Kerzner, 2017), “a quality project schedule is the basis of project success”. The project core 
team participated in the schedule determination and this way it helped to get individual commitment 
and realistic timelines. Additionally, the execution scope was unpacked as a list of requirements and 
expected deliverables, largely to ensure alignment of activities to be delivered at the end of the 
project. The work breakdown structure was used to break the tasks into manageable activities with 
clearly defined milestones to keep the project team focused and motivated. 
Importantly the assignment of the task durations was designed to ensure the project was delivered 
on schedule. Accordingly, the project team decided to use previous similar projects task durations and 
people's experience to determine the task durations and this gave the project team confidence to 
execute. 
During the project implementation, ‘scrum style’ meetings were conducted daily to assess and update 
the schedule. It also served as a platform to identify the risks and manage the plan, hence making the 
monitoring and control a dynamic process owned by the whole team participating in the project. 
The project was delivered ahead of schedule, within the budget and met the technical and quality 
specification. The customer took early beneficial use and full production was realized. By extension, 
the success of the Manchester plant implementation is deeply rooted in the lessons learned from the 
Port Elizabeth plant construction. 
According to Kothari (Kothari, 2011), the case study helps to locate factors attributable to causal 
relationships. It is evident from the two cases that: 
1. The project management structure is key to driving the right execution approach. In the 
two case studies, the management component ensured that coordination and 
communication is properly operational. This role is responsible for ensuring that the scope 
has been clarified with the customer, realistic schedules and cost calculations have been 
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agreed upon, the project is fully resourced, links to the management level for resource 
management, decision handling and escalations, scope, and quality control. 
2. The resources fully understand the requirements and expectations of the project scope. 
The logical framework can be a subset within the execution focusing on detailed planning 
hence the need for the resources to go through the iteration cycle of analyzing, design, 
develop and deploy. In both case studies, this has proved to be a critical weapon to refine 
the scope. 
3. The systems engineering approach enhances the potential of delivering the project 
successfully. 
“Systems engineering reduces the risk of schedule and cost overruns and increases the likelihood that 
the implementation will meet the user’s needs” (Lyneis, 2001) 
4. Monitoring and control are entrenched in the project activities in the form of critical 
decision points, stage reviews, and cost/schedule updates. In the case studies, stringent 
cost and schedule control were enforced to ensure the project is delivered within 
budgetary parameters. 
5. Quality is no longer an optional project parameter but runs from the project inception 
through to close out. 
Although perceived successful, the case studies, however, need to be subjected to an in-depth 
performance evaluation. Ngacho (Ngacho, 2014), recommends developing key performance 
indicators (KPIs) which the framework structures are to be tested against and link the performance 
metrics to the execution outcome.  
5.6 Collated data  
The accompanying comments on the returned questionnaire highlighted the convergence of the 
framework activities to other methodologies. This could have been influenced by prior exposure to 
the said methodologies more than the correctness and significance to the project execution process. 
What stood out from the questionnaire feedback was the emphasis on the objective of the framework, 
of which the following were highlighted:  
1. It encourages the use of best practices which leads to successful implementation. 
2. Provides access to shared sets of project tools and processes 
3. Provides a structured method of project measurement  
The respondents highlighted positively on the need for an execution framework though there were 
different proposals to the structure of the framework. When it came to project execution and control, 
the respondents preferred this systems engineering approach (Blanchard, Fabrycky 2014a) which 
focused on requirement solicitation, analysis, and design, developing, testing and training, 
deployment and stability. Exposure to some methodology like the Agile development influenced some 
respondents to make comparisons with the proposed framework.  
5.7 Chapter conclusion 
The chapter presents the execution framework as a model of defined tasks and activities derived from 
the project scope. Project causal relationships are formed, dependencies are created and 
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subsequently, the outcomes are formed as decisions at milestone points. The milestone points must 
be met for the process to proceed to realize the project objective. 
Accordingly, the results from the survey recommend the formulation of framework processes in 
executing projects. It provides a structured way to continuously monitor the activities and correct 
them if there happens to be a deviation. It also speeds up the project execution using custom-made 
templates which have proved to work. 
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Chapter 6 Summary, Conclusions and further work 
6.1 Introduction 
The objective of the study was to develop a framework to successfully complete projects in a more 
consistent and deterministic way during the execution phase of the project life cycle. 
Consequently, the research questions provided the contextual grounds on which the study 
investigation explored the causal relationship between the framework structure and project success. 
In the end, a system engineering model is selected to execute projects. 
Although the study findings are gas industry-specific and entrenched in the system engineering 
domain, the maturing of the execution framework is envisaged in other industries. As highlighted by 
Kerzner (Kerzner, 2017), the maturity of the framework is accompanied by the realization of “proper 
foundation of tools, techniques, processes and even culture”. 
6.2 Summary 
The project execution framework is a customized and standard system engineering methodology of 
delivering projects on schedule, within budget and meeting quality and scope specifications. In 
addition, the aim and object of the framework are to efficiently complete the project and derive value 
for both the customer and stakeholders. 
Ostensibly, the literature reviews accede to the execution framework as "a means" to project success 
and this is achieved by focusing on structures of the framework as control variables. Most of the 
literature highlights the cardinal importance of the multi-dimensional assessment of project success. 
However, little effort was spent on the development of stage frameworks for implementation. Hence, 
the development of this framework is aimed at filling the gap by venturing into the system engineering 
and quality management space. 
The synopsis of the execution framework has been contrasted with other mature project 
methodologies like Prince 2 and Agile while drawing synergies from the PMBOK (Project Management 
Institute, 2013) and APM (Association for Project Management, 2006). Each structure of the 
framework was iteratively refined through a cycle of analyze, design, develop and deploy. The 
iteration cycles are the cornerstones of the framework and ensure that each framework structure 
enhances the project deliverables. In-between the iteration stages are decision gates that ensure the 
project is functional, performance and quality tested and validated. 
Although the execution framework lacks explicit theory, the adoption and fusion of system 
engineering and information technology theories lend credence to the structured approach of the 
framework. It relies on practice and performance outlined in the PMBOK, a view shared by Koskela 
(Koskela, 2002) in the thermostat model. Building on the theory, the framework design describes the 
process flow overview, sub-process activities, and the desired outcomes. Database information is 
extracted to baseline the process.  
The research questionnaire significantly, favours the framework approach for implementing projects. 
The data analyzed and information collated offer insights into areas for further development.   
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6.3 Conclusion 
The study was aimed at developing an execution framework capable of consistently delivering projects 
successfully that meets the schedule target within cost and quality specifications. Conceptually, the 
framework design was rooted in system engineering principles and featured structures or pillars as 
determinants of cost, schedule, and quality. 
At the beginning of the study, the research questions were posed and subsequently explored through 
literature reviews, from which ideas were conceived and led to the framework design. Thereafter, the 
design was subsequently transformed into a prototype and analyzed through a research survey.  
The findings fully support the formulation of an execution framework to guide and direct the activities 
of the project execution process. In answering the first research question 1, a structured execution 
framework is proposed as in Figure 16 which has its activities mapped to the project success factors 
of Figure 8 thereby providing the following benefits: 
1. Scalability – the scalability metric ensures that the project activities are sequenced 
correctly and that the resources are managed efficiently.  
2. Speed – the use of the framework enables the scope is decomposed to the project team 
clearly and this leads to the work activities being executed faster and efficiently.  
3. Value add – increasingly if the scope is clear and executed in reduced time schedules, this 
result in cost savings. 
4. Quality – the framework ensures a unified and consistent execution approach and 
enhances quality results.   
5. Effective decision making – the use of project templates makes decision making quicker 
as each stage or decision point has predefined roles and decision processes 
6.4 Recommendations 
Whereas the research study was aimed at establishing the causal relationship between the execution 
framework structure and the project success, it is however recommended to expand the framework 
structures to include the stakeholder structure to continuously engage with the project stakeholders. 
Projects are generally designed to be completed meeting the scope and quality specifications to the 
satisfaction of the customers or stakeholders, hence it is important for this group to partake in the 
execution in one form or the other.   
Furthermore, it is recommended to extend the framework to other phases of the project life cycle. 
Since the life cycle phases are sequenced, the full benefits of the framework may not be realized if 
other phases are not functioning properly.  
 6.4 Contribution of the study 
The study’s main contribution is the formulation of the execution framework embedded in system 
engineering which is aimed at enhancing and improving project implementation. In addition, by 
establishing the framework basic structure, this helps future research work to baseline further 
improvements of the framework. 
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Even though the framework was specifically designed for the gas industry, its adoption and application 
in other industries will improve project implementation and consequently aid other industries 
implement successful projects.  
6.5 Further research work 
The research work did not investigate the overall contributing weight factors to the project success of 
each framework structure hence, future researchers can quantify the contribution of each structure 
to the project success. If the contributing factors are quantified, it helps focus synergies for further 
improvement to the framework. 
An exploratory investigation of the framework in different applications and scenarios can also be 
performed to determine whether the framework can be used as a one size fits all model.  
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Annexure A 
Research questionnaire 
Annexure A covers the Questionnaire that was distributed to the respondents. The Questions covers 
the 4-stages of the framework namely the “Analyze stage”, “the Design stage”, “the Develop stage” 
and “the Deploy stage”. It collects the qualitative data used to formulate the six attributes of the 
framework. 
Annexure B focuses on the project management personnel involved in execution to provide the 
responses. The responses are analysed in Annexure C. 
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Introduction 
My name is Joseph Dube, a final year master’s student in engineering management at the University 
of Johannesburg. I am required to undertake a minor dissertation as part of the course work. 
My research is titled; “A framework for delivering projects on target in the gas industry in South 
Africa”. It is aimed at contributing in delivering projects on time, within budgets and as specified in 
quality and scope. 
I do request your participation in the survey to assess the core structures which constitute the 
execution framework.  
Your participation is voluntary, and the collated information will only be used for the purposes of the 
study and will be treated as confidential. 
Yours truly, 
Joseph Dube 
Josephdube25@gmail.com 
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Instructions 
For each question, assign a score ranging from 1 to 5: 
1 = Strongly Disagree 
2 = Disagree 
3 = Neutral 
4 = Agree 
5 = Strongly Agree 
If an answer is unknown, please leave the answer blank and provide an explanation in the comments 
section. 
In the context of project execution, a framework is a standard design of practices, processes and 
procedures to enhance the successful implementation of the project. How important are the following 
structures to the delivery of the project on time, under cost and within the specified scope? 
Table A1: Research questions 
 Score 
 
A. Project management structure 
1A. The project resources must have a clear understanding 
of the assigned tasks for execution. 
. 
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
☐  Agree 
☐  Strongly Agree 
 
 
1B. The framework pillars, each contribute to the 
achievement of the project objective to a “set quality 
within time constraints and cost limits” 
 
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
☐  Agree 
☐  Strongly Agree 
 
1C. Successful projects are delivered on time, within 
budget, under specified scope and quality. 
 
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
☐  Agree 
☐  Strongly Agree 
 
1D. The project execution framework offers a structured 
and integrated execution approach. 
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
 
85 
☐ Agree
☒ Strongly Agree
Comment 
B. Resource structure
2A. Are the right resources available for the project? ☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
2B. Project coordination includes allocation of resources to 
project activities. 
☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
2C. Critical decision gates provide decision check points 
which must be satisfied and give approval to the 
preceding activity. 
☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
2D. Decision gates used to manage and communicate 
project progress. 
☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
Comment 
C. Technical structure
3A. Project requirement specification must be 
unambiguous. 
☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
3B. The system engineering management plan must lay 
out the activities, resources, budget and timeline for 
the project. 
☐ Strongly Disagree
☐ Disagree
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 ☐  Neutral 
☐  Agree 
☐  Strongly Agree 
3C. Integration of project activities enhances the successful 
completion of the project. 
 
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
☐  Agree 
☐  Strongly Agree 
 
3D. Verification is performed to confirm proper 
configuration for the achievement of project objectives.  
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
☐  Agree 
☐  Strongly Agree 
 
Comment 
D. Implementation structure 
4A. Do the roles and responsibilities provide an accurate 
reflection of the implementation process? 
 
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
☐  Agree 
☐  Strongly Agree 
 
4B. Is it important to adhere to the project schedule? 
 
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
☐  Agree 
☐  Strongly Agree 
 
4C. Work breakdown structure provides documentation of 
activities, milestones and resource management 
required to accomplish the tasks. 
 
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
☐  Agree 
☐  Strongly Agree 
 
4D. System performance testing is carried out to confirm 
that the system works according to the specification in 
the design documents and meets the requirement 
specification. 
☐ Strongly Disagree  
☐  Disagree 
☐  Neutral 
☐  Agree 
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☐ Strongly Agree
Comment 
E. Quality structure
5A. Empowered teams drive continuous quality 
improvements. 
☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
5B. Are quality reviews being undertaken and recorded? ☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
5C. Project monitoring measures the project dimensions of 
scope, schedule, cost and quality. 
☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
5D. Quality assurance delivers evidence required to ensure 
high quality work. 
☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
Comment 
F. Monitoring and control structure
6A. Are costs and budget being appropriately monitored 
and forecasted? 
☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
 6B. A detailed project schedule is a mandatory checkbox. ☐ Strongly Disagree
☐ Disagree
☐ Neutral
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☐ Agree
☐ Strongly Agree
6C. Is the change management plan being executed 
consistently, with appropriate approvals and 
communications? 
☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
6D. Is there a tracking system for change management? ☐ Strongly Disagree
☐ Disagree
☐ Neutral
☐ Agree
☐ Strongly Agree
Comment 
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Annexure B 
 The candidate lists 
Introduction 
The survey candidate list is made up of senior project engineers who have been identified for their wealth of 
experience in the construction of air separation plants in my organization. Accordingly, the questionnaire is 
emailed to the candidates in three geographical locations to bring in a work ethic dimension to the resource 
structure. 
Yours truly, 
Joseph Dube 
Josephdube25@gmail.com 
Head of Project
Execution Packaged Plants
Project Manager
Commercial Manager XX - Project Manager
HSE Manager  YY - Project Manager
Basic Engineering Mechanical Plant Design Instrumentation Engineering Electrical Engineering Procurement Civil Engineering Quality Assurance
Engineering team Engineering team Discipline Engineering Discipline Engineering Buying Department Discipline Engineering Quality Planning
Figure B1: Project execution organogram (courtesy of company structure) 
Most of the respondents have more than 10 years of experience, indicative of deep knowledge base in project 
management and qualify to be considered as subject matter experts. 
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Annexure C 
 Data analysis 
Introduction 
The purpose of the study is the development of a framework for project execution firmly embedded in system 
engineering.  
“A framework for delivering projects on target in the gas industry in South Africa”. 
 The premise is that the framework is a vehicle for executing projects successfully on time, within cost and 
meeting the scope. 
The data analysis focuses on the pillars of the framework from an analysis, design, develop and deploy 
perspective which is prescribed in the questionnaire. 
Yours truly, 
Joseph Dube 
Josephdube25@gmail.com 
Table C1: Result breakdown analysis 
Elements of the framework Result breakdown analysis Gosavi statistical 
approach 
SD D N A SA SD+D N A+SA 
Attribute A Project management structure 2 2 2 6 10 
Analyze 1 The project resources must have 
a clear understanding of the 
assigned tasks for execution 
1 2 2 7 10 3 2 17 
Design 2 The framework pillars, each 
contribute to the achievement of 
the project objective to a “set 
quality within time constraints 
and cost limits” 
3 2 2 6 9 5 2 15 
Develop 3 Successful projects are delivered 
on time, within budget, under 
specified scope and quality 
2 2 2 6 10 4 2 16 
Deploy 4 The project execution framework 
offers a structured and 
integrated execution approach 
2 2 2 5 11 4 2 16 
B Resource structure 2 1 2 5 12 
Analyze 1 Are the right resources available 
for the project? 
1 1 1 7 12 2 1 19 
Design 2 Project coordination includes 
allocation of resources to project 
activities 
3 0 2 3 14 3 2 17 
Develop 3 Critical decision gates provide 
decision check points which 
must be satisfied and give 
approval to the preceding 
activity. 
2 1 2 5 12 3 2 17 
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Deploy 4 Decision gates used to manage 
and communicate project 
progress 
2 2 3 5 10 4 3 15 
 C Technical structure 1 1 3 5 12  
Analyze 1 Project requirement 
specification must be 
unambiguous. 
1 1 4 5 11 2 4 16 
Design 2 The system engineering 
management plan must lay out 
the activities, resources, budget 
and timeline for the project. 
1 0 2 5 14 1 2 19 
Develop 3 Integration of project activities 
enhances the successful 
completion of the project. 
1 2 4 5 10 3 4 15 
Deploy 4 Verification is performed to 
confirm proper configuration for 
the achievement of project 
objectives. 
1 1 2 5 13 2 2 18 
 D Implementation structure 1 1 2 5 13  
Analyze 1 Do the roles and responsibilities 
provide an accurate reflection of 
the implementation process? 
1 0 2 5 14 1 2 19 
Design 2 Is it important to adhere to the 
project schedule? 
1 1 1 8 11 2 1 19 
Develop 3 Work breakdown structure 
provides documentation of 
activities, milestones and 
resource management required 
to accomplish the tasks. 
1 2 3 3 13 3 3 16 
Deploy 4 System performance testing is 
carried out to confirm that the 
system works according to the 
specification in the design 
documents and meets the 
requirement specification. 
1 1 2 4 14 2 2 18 
 E Quality structure 1 2 2 3 14  
Analyze 1 Does the project have 
measurements on what is 
acceptable quality? 
1 2 4 3 12 3 4 15 
Design 2 Are quality reviews being 
undertaken and recorded? 
2 2 1 2 15 4 1 17 
Develop 3 Project monitoring measures the 
project dimensions of scope, 
schedule, cost and quality 
0 3 2 4 13 3 2 17 
Deploy 4 Quality assurance delivers 
evidence required to ensure high 
quality work. 
1 1 1 3 16 2 1 19 
 F Monitoring and control 
structure 
1 1 2 3 15  
Analyze 1 Are costs and budget being 
appropriately monitored and 
forecasted? 
1 1 3 4 13 2 3 17 
Design 2 A detailed project schedule is a 
mandatory checkbox. 
1 1 2 4 14 2 2 18 
Develop 3 Is the change management plan 
being executed consistently, 
1 1 2 3 15 2 2 18 
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with appropriate approvals and 
communications? 
Deploy 4 Is there a tracking system for 
requirements and changes to 
requirements? 
1 1 1 1 18 2 1 19 
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Table C2: Margin of error analysis 
  Elements of the framework Statistical analysis Margin of error % 
   A+SA+N 
(L1) 
SD+D 
(L2) 
P1(%) P2(%) Using 
x = 
0.05 
Standard 
error 
789:9 − 89</> 
Attribute A Project management structure   L1/(L1+L2) L2/(L1+L2)   
Analyze 1 The project resources must have a clear understanding of 
the assigned tasks for execution 
19 3 86.4 13.6 0.05 0.073   
Design 2 The framework pillars, each contribute to the 
achievement of the project objective to a “set quality 
within time constraints and cost limits” 
17 5 77.3 22.7 0.05 0.089   
Develop 3 Successful projects are delivered on time, within budget, 
under specified scope and quality 
18 4 81.8 18.2 0.05 0.082   
Deploy 4 The project execution framework offers a structured and 
integrated execution approach 
18 4 81.8 18.2 0.05 0.082   
 B Resource structure       
Analyze 1 Are the right resources available for the project? 20 2 90.9 9.1 0.05 0.061   
Design 2 Project coordination includes allocation of resources to 
project activities 
19 3 86.4 13.6 0.05 0.073   
Develop 3 Critical decision gates provide decision check points 
which must be satisfied and give approval to the 
preceding activity. 
19 3 86.4 13.6 0.05 0.073   
Deploy 4 Decision gates used to manage and communicate project 
progress 
18 4 81.8 18.2 0.05 0.082   
 C Technical structure       
Analyze 1 Project requirement specification must be unambiguous. 20 2 90.9 9.1 0.05 0.061   
Design 2  The system engineering management plan must lay out 
the activities, resources, budget and timeline for the 
project. 
21 1 95.5 4.5 0.05 0.044   
Develop 3 Integration of project activities enhances the successful 
completion of the project. 
19 3 86.4 13.6 0.05 0.073   
Deploy 4 Verification is performed to confirm proper configuration 
for the achievement of project objectives. 
20 2 90.9 9.1 0.05 0.061   
 D Implementation structure       
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Analyze 1 Do the roles and responsibilities provide an accurate 
reflection of the implementation process? 
21 1 95.5 4.5 0.05 0.044   
Design 2 Is it important to adhere to the project schedule? 20 2 90.9 9.1 0.05 0.061   
Develop 3 Work breakdown structure provides documentation of 
activities, milestones and resource management required 
to accomplish the tasks. 
19 3 86.4 13.6 0.05 0.073   
Deploy 4 System performance testing is carried out to confirm that 
the system works according to the specification in the 
design documents and meets the requirement 
specification. 
20 2 90.9 9.1 0.05 0.061   
 E Quality structure       
Analyze 1 Does the project have measurements on what is 
acceptable quality? 
19 3 86.4 13.6 0.05 0.073   
Design 2 Are quality reviews being undertaken and recorded? 18 4 81.8 18.2 0.05 0.082   
Develop 3 Project monitoring measures the project dimensions of 
scope, schedule, cost and quality 
19 3 90.9 9.1 0.05 0.073   
Deploy 4 Quality assurance delivers evidence required to ensure 
high quality work. 
20 2 90.9 9.1 0.05 0.061   
 F Monitoring and control structure       
Analyze 1 Are costs and budget being appropriately monitored and 
forecasted? 
20 2 90.9 9.1 0.05 0.061   
Design 2 A detailed project schedule is a mandatory checkbox. 20 2 90.9 9.1 0.05 0.061   
Develop 3 Is the change management plan being executed 
consistently, with appropriate approvals and 
communications? 
20 2 90.9 9.1 0.05 0.061   
Deploy 4 Is there a tracking system for requirements and changes 
to requirements? 
20 2 90.9 9.1 0.05 0.061   
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Figure C1: Elements of framework score 
 
 
Figure C2: Pie score for the elements of the framework 
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Figure C3: Summary score for the elements of the framework 
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Figure C4: The analyse questionnaire 
 
 
Figure C5: The design questionnaire 
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Figure C6: The develop questionnaire 
Figure C7: The deploy questionnaire 
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